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INTRODUCTION 
Corn is attacked by insects from the time it is planted 
until it is utilized by man. Considerable information exists 
on the effects of many of these insects on the yield of com. 
Most information, however, is limited primarily to the effect 
of a single species under a relatively large population level. 
Information is not available concerning the interactions of 
two or more of these species under light or moderate popula­
tion levels on com yields. 
Furthermore, insecticide control programs for com insects 
are usually designed to reduce or prevent the build up of 
damaging population levels of a single species. At present 
insecticide control programs are applied at a specific time 
with little regard to the species or population levels of 
insects present, or the insecticides are applied under out­
break conditions. Both methods are illustrated by soil 
applications of broad spectrum insecticides at planting time 
for soil insects and foliar insecticide applications for con­
trol of first generation European corn borers in which insecti­
cide treatments are applied when 50 percent of the com plants 
show leaf feeding. 
The present study was designed, therefore, to determine 
if low populations of European com borers (Ostrinia nubilalis), 
com leaf aphids (Rhopalosiphum maidis), root worm beetles 
(Diabrotica virgifera and D. longicornis), and leafhoppers 
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affect com yield, to determine the seasonal distribution of 
these insects, and to determine if there would be an advantage 
in applying a broad spectrum insecticide for subecononic 
populations. 
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REVIEW OF LITERATURE 
European Corn Borers 
Numerous investigations have yielded voluminous amounts 
of information on the biology, host plants, population 
statistics, ecology, and control of the European corn borer. 
These areas have been reviewed by Brindley and Dicke (1963) 
and by Brindley et al. (1975). Therefore, this review will be 
limited primarily to investigations pertaining to the seasonal 
development of the com borer, the nature of plant damage.- and 
subsequent yield reductions. 
Seasonal development 
The seasonal development of the European com borer in 
the North Central States was presented by Dicke (1954) and the 
North Central Regional Research Committee (1972). According 
to these authors, a large percentage of the corn borers in 
this area go through two generations per year and the deter­
mining factors are primarily temperatures, day length, and the 
genetic composition of the population. Overwintering is spent 
as full grown diapausing larvae in cornstalks, corncobs, weed 
stems, and cornfield debris. Pupation occurs in May or June 
with exact time and length of development dependent primarily 
upon temperature and moisture conditions. Thus, Spring 
development may be delayed by cool or dry weather conditions. 
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whereas warm weather with adequate precipitation may accelerate 
their development. 
Adult moth emergence usually occurs from late May to 
early July. Daytime hours are spent in sheltered areas with 
mating and egg laying accomplished at night. Moths developing 
from overwintering larvae are attracted to the tallest or most 
advanced com. Egg masses are usually deposited near the mid­
rib on the underside of com leaves. The eggs hatch in 3-to 
7 days depending on weather conditions. 
First-instar larval establishment and feeding is closely 
associated with the moist areas of the rolled whorl leaves. 
As larval and plant development progresses, the primary feeding 
point of the third- and fourth-instar larvae is associated with 
the sheath and midrib areas. Stalk invasion becomes extensive 
during the fifth instar. Mature larvae of the first generation 
pupate in the com stalk or on corn leaves. 
Moths developing from larvae of the first generation 
emerge from late July to early September. Egg deposition by 
this generation of moths is primarily on the most succulent, 
recently tasseled corn plants. 
First-instar larval establishment is at the ligule and 
behind the leaf sheath on pollen accumulations and on the young 
ear shoots. Large larvae feed primarily on ear shoots and 
behind the sheath on sheath parts. Later the cob and kemels 
may be attacked. Stalk and ear shank invasion is confined 
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primarily to the fifth instar. Mature larvae of the second 
generation overwinter in diapause. 
Plant damage and yield losses 
The nature of damage resulting from European corn borer 
attacks has been reviewed by the North Central Regional 
Research Committee (19 72) and Guthrie (1974). Accordingly, 
damage to com plants may result from borers feeding on the 
leaves, tunneling into the stalk, or invading the ears. 
Extensive leaf feeding, primarily by larvae of the first 
generation, results in losses of leaf tissue, interference in 
the movement of plant nutrients, and midrib breakage. Stalk 
tunneling by both first- and second-generation larvae destroys 
food conducting channels thereby weakening the plant causing 
stalk breakage, smaller ear size, and yield reductions. Ear 
damage is caused primarily by second-generation larvae. 
Excessive tunneling in the ear shank and feeding on silks, 
kernels, and cobs result in yield losses, lowering of grain 
quality, and dropped ears. 
Numerous investigations have been conducted on com yield 
losses resulting from com borer infestations. The complexity 
of determining com yield losses attributed to corn borer 
infestations has long been recognized. Caffrey and Worthley 
(1927) compared ear production, ear weight, and grain injury 
of infested plants to noninfested plants. Although they 
reported differences within each category for the infested or 
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noninfested plants, they stated that the actual extent and 
economic losses were difficult to estimate and varied greatly 
depending upon such factors as percent of plants infested, 
number of borers per plant, stage of plant development when 
attacked, part of plant attack, and growth habit of the corn 
variety. 
In Ohio Neiswander and Herr (1930) reported a direct 
correlation between corn borer populations and yield reductions. 
They concluded, however, that it was doubtful that a specific 
formula based solely on com borer populations per stalk could 
be established that would apply to all varieties, soils, 
planting dates, seeding rates, crop rotations, and weather 
conditions. 
The current recommended practice of estimating yield 
losses resulting from com borer attacks is based on studies 
conducted by Patch et al^ (1941), working in a single genera­
tion area, they showed that the com borer produced an average 
of three percent loss in yield per borer per stalk. Patch 
et al. (1942) reported that this estimate may be influenced by 
the normal yielding capacity of a com variety, soil moisture, 
and level of soil fertility. 
Everett et al. (1958), Kwolek (1958), and Kwolek and 
Brindley (1959) reported on factors influencing corn borer pop­
ulations. They stated that the three percent loss per borer 
per plant estimate was consistent with loss estimates in Ohio 
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and Minnesota. In Iowa, Fall dissections of corn plants indi­
cated that the three percent loss estimate was too high and mid-
sxutuner dissections indicated that the estimate was too low. 
Campbell (1971) stated that the potential yield for a 
given variety of com greatly influences the bushel loss when 
expressed as a percentage of yield. The potential yield of a 
corn variety is a function of weather, soil fertility, weed or 
disease problems, genetic potential of the variety, and other 
stress factors; the yield loss relationship, therefore, should 
be expressed as bushel loss per cavity rather than percentage 
reduction per cavity. 
Com yield losses resulting from infestations of second-
generation corn borers have not been studied as intensively as 
those resulting from first-generation corn borer infestations. 
In Indiana Deay et al. (1949) studied yield losses 
attributed to second-generation borers on 16 corn hybrids. 
They reported an average loss of 1.2 bushels per acre per 
borer per plant. They also reported that yield losses were 
related to the potential yield of com hybrids. One group of 
hybrids with a potential yield of 66.8 bushels per acre lost 
1.2 bushels (1.8 percent) per borer per plant and hybrids with 
a potential yield of 88.5 bushels per acre lost 2.6 bushels 
(3.0 percent) per acre per borer per plant. 
Corn yield losses resulting from infestations of second-
generation borers were studied by Chiang and Hodson (1950). 
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They concluded that with the same degree of borer infestation 
the amount of stalk breakage and ear dropping increased with 
prolonged weathering of the stalks. 
Scott et al. (1967) studied the effect of second-
generation borers on corn hybrids. Ten selected inbreds (five 
susceptible and five resistant) were crossed to produce 45 
single cross hybrids. They reported an overall yield reduction 
of approximately two percent per acre per borer per plant. 
Yield reductions ranged from 4 percent (resistant x resistant 
crosses) to 12 percent (susceptible x susceptible crosses). 
Com Leaf Aphids 
Accounts of the history, distribution, host range, biology, 
and control of the com leaf aphid were presented by Dicke 
(1969). An excellent review of the biology of aphids was pre­
sented by Kennedy and Stroyan (1959) and the role of aphids as 
vectors of corn diseases was presented by Ullstrup (1965) and 
Dicke (1969). The literature reviewed for this thesis, there­
fore, will be limited to the seasonal development of the corn 
leaf aphid, nature of damage to the corn plant, and yield 
losses caused by the com leaf aphid. 
Seasonal development 
Knowledge of the seasonal development of the corn leaf 
aphid is incomplete in that the overwintering habits in the 
northern latitudes are unknown. Davis (1909) suggested that 
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the corn leaf aphid overwintered on alternate hosts in southern 
Illinois rather than migrating northward in the Spring. Al­
though he was unable to find aphids in the field until June 26, 
he did manage to keep them alive in an unheated insectary until 
December 21, 
In Wisconsin Orlob and Medler (1961) found corn leaf 
aphids on barley as early as May 15. They found, however, that 
by exposing aphid's to winter temperatures at various locations, 
all of the aphids were killed by the first severe frost. 
Saugstad. and Everly (1367) in Indiana found reproducing com 
leaf aphids colonies on barley during all winter months except 
March. Since com leaf aphids were found in April, they 
speculated that tlieir sample size on barley was not adequate 
to recover the declining population during March or there had 
been an early dispersal of the aphids from the southern United 
States= A third possibility was that the aphids overwintered 
on rhizomes of Johnson grass at the base of the culms. Al­
though some of this material was examined, the sample size may 
have been inadequate to locate the declining aphid population. 
Dicke (1969) reported that in the United States the primary 
overwintering populations are believed to be in the southern 
states where winter barley often harbors high populations of 
com leaf aphids. He believes there is sufficient evidence to 
indicate that populations on corn in the northern part of the 
Corn Belt originate from the winged forms brought in by the 
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prevailing southern air currents. 
Although the overwintering habits of the corn leaf aphid 
are unknown, most researchers agree on the remainder of the 
seasonal development. An account of the development of this 
species is presented by Metcalf et al. (1962) and Dicke (1969). 
According to these authors, the colonies are initiated by 
alate females. The development of the apterous colonies begins 
on the inner leaves of the developing corn whorl and are 
associated with the moist semi-etiolated parts of the leaves. 
The alate form gives birth to living young. These wingless 
nymphs develop rapidly under normal summer temperatures and 
may begin reproducing in less than a week. The number of 
generations produced in a year varies from about 9 in Central 
Illinois to as many as 50 in Southern Texas. 
Plant damage and yield losses 
A comprehensive report on the injury to com plants was 
presented by McColloch in 1921 (in Everly, 1960). McColloch 
differentiated the types of injury as: 
(A) injury to the central tassel spike resulting 
in failure to shed pollen; (B) when aphids are 
exceptionally abundant, the lateral branches of 
the tassel were gummed up with honeydew which 
prevented pollen shedding; (C) tassels often failed 
to emerge completely; (D) molds and rots developed 
on the upper portion of the plant and often extended 
down to the ears; (E) in severe infestations corn 
leaves turned yellow and red, and often died; (F) 
aphids feeding on kernels and silks, hastened 
maturity with ears only partially filled; and (G) the 
abundance of honeydew attracts com earworms, 
[Heliothis zea (Boddie)] adults often resulting in 
infestations from this insect. 
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An additional effect of the corn leaf aphid on com was 
reported by Snelling et al. (1940). They presented data on the 
resistance of corn varieties and stated that barreness caused 
by the feeding of aphids was a physiological effect which 
retarded or prevented the development of the ear shoot. 
Although the com leaf aphid has been implicated in 
causing damage to corn, until recent years this loss has been 
expressed as symptomatic and no actual yield loss data have 
been reported. According to Neiswander (1948), damage by this 
species in Ohio was in some years as great as that caused by 
the European com borer. He reported that heavy infestations 
resulted in barren plants and indicated that weather was the 
determining factor in developing aphid populations. 
Bigger (1958) presented the first data on the effect of 
com leaf aphids on corn yields. He found that 57.3 percent 
of the heavily infested com plants were barren as compared 
to less than 2 percent of the unifested plants. He also 
reported a difference among corn hybrids as to the degree of 
infested plants and yield losses. Triplehorn (1958) reported 
"the number of barren stalks in fields which should have been 
heavy with maturing ears gave mute testimony to the damage 
done". 
Triplehorn (1959) discussed the possible effects of 
weather and soil moisture on the incidence of corn leaf aphid 
infestations and damage. He presented data on weight 
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reductions per ear and percent loss in weight per field and 
reported negligible differences between infested plants as 
compared to noninfested plants. He concluded that if the corn 
plants were supplied with moisture during the "aphid-period" 
there would be a negligible amount of com yield reductions. 
If the corn plants were stressed due to a shortage of moisture 
during this period, the resulting damage would be severe. 
Losses in corn yields associated with the abundance of 
the corn leaf aphid in Indiana were studied by Everly (1960). 
Ke reported yield losses of 10 percent for plants lightly 
infested (small colonies or individual aphids scattered over 
the plants) and 53.2 percent for plants severely infested 
(heavy masses of aphids on tassels and upper leaves). All 
plants developed ears under light infestations but plants that 
were severely infested had up to 44 percent barren/plants. 
Yield losses that were associated with the lightly infested 
plants were caused by decreased size and weight of individual 
ears. He concluded that the relationship of yield reductions 
and infestation levels of aphids could be predicted; however, 
it would vary between years and would be necessary to include 
environmental factors in the predications. 
Corn Rootworm Beetles 
Three species of com rootworms are generally present in 
corn fields. The southern corn rootworm, Diabrotica 
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undecimpxinctata howardi, however, is usually more abundant and 
destructive in the southern part of its range (Metcalf et al., 
1962). Ortman and Fitzgerald (1964) considered the southern 
species as a minor or sporadic problem in the Corn Belt. This 
study, therefore, dealt primarily with the western corn root-
worm, and the northern corn rootworm. 
Seasonal development 
Most researchers consider the biology and behavior of the 
northern and western com rootworms to be similar. Therefore, 
only the seasonal development for the western species will be 
presented. Tate and Bare (1946) and Ortman and Fitzgerald 
(1964) reported that there is only one generation per year of 
the western corn rootworm in the Corn Belt. Adults begin 
laying eggs in the com fields in late July and continue until 
late Fall or until a killing frost. Eggs are generally 
deposited within 0.5 to 1.5 inches of the soil surface. The 
egg is the overwintering stage and generally hatch in the 
Spring and emergence of larvae begins in early June. The 
young larvae move through the soil until they encounter roots 
of corn plants. The larvae feed and burrow into roots and 
root crowns. After feeding for 3 or 4 weeks, the larvae 
pupate in small cells in the soil. Adult emergence occurs in 
early July and peak adult population is usually observed by 
mid-August. 
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Plant damage and yield losses 
Ball (1957) stated, "ths western and northern corn root-
worm constitute the major economic insect pests of corn, 
second in importance only to the European corn borer". Ball, 
as with most other researchers, dealt primarily with the damage 
and losses caused by larval feeding. The present study was 
designed to determine the effects of corn rootworm beetles on 
corn yields; therefore, the reader is directed to Chiang (1973) 
and Luckman et al. (1974) for a discussion and references on 
losses caused by rootworm larvae. 
Hill et al. (1948) were among the first researchers to 
report on the use of insecticides for control of rootworm 
adults. According to these researchers, in 1946 farmers in 
Central Nebraska were concerned over silk feeding by adult 
rootworms. Tests were, therefore, initiated in 1947 in an 
attempt to control the adult rootworms. Although they ob­
tained 99 percent control there were no significant yield 
increases between any of the insecticide treatments and the 
untreated plots. 
Bryson et al. (1953) and Burkhardt (1954) discussed the 
presence of rootworms in Kansas. They reported, "not all 
injury to the corn plant was due to larvae but that the beetles 
fed on every part of the corn plant above the ground". They 
reported extensive leaf feeding and feeding on the ears, 
silks, and pollen grains. Clipping of the corn silks by root-
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worm beetles resulted in com ears that were sparsely covered 
with kernels as a result of poor fertilization. They also 
reported that injury to the ear was not confined to the 
destruction of the silks but that the x-7ell fonp.ed kernels at 
the tip of the ear were also destroyed. This condition also 
exposed the ear to the entrance of fungi and insects. 
Sifuentes and Painter (1964) studied the inheritance of 
resistance to the western corn rootworm adults in field corn. 
They concluded that the adults caused extensive leaf damage to 
foliage of young com but no yield data were collected. 
Musick (1971) reported that adult northern corn rootworm 
can be a serious pest and may cause economic losses. He con­
cluded that although leaf feeding may occur the most serious 
economic damage results from the adults feeding on ear silks. 
Thus, the adults would only be a problem during pollination 
and when the kernels in the tip of the ear were susceptible to 
damage. 
Leafhoppers 
Osbom (1932) stated, "the fact that leafhoppers have 
received less attention is in part due to the minute size and 
inconspicuous character and in some cases doubtless on account 
of the injuries being attributed to other causes". Since the 
role of leafhoppers as vectors of plant viruses was proven, 
voluminous amounts of information have been accumulated. The 
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leafhopper-virus relationship has been reviewed by Leach (1940), 
Kunkel (1946), Black (1962), Maramorosch (1968), and Granados 
(1969). The review of literature for this thesis, therefore, 
will be limited to a general discussion of the seasonal 
development of leafhoppers and the nature of plant damage and 
yield losses. 
Seasonal development 
The following account of the general seasonal development 
of the leafhopper group was presented by Osborn (1932) and 
Medler (1942) on leafhoppers in Iowa and Minnesota. 
Leafhoppers, like other species within the order 
Homoptera, have three distinct life stages- egg, nymph, and 
adult. The succession of these three stages constitute a 
generation. Although the number of generations in each season 
may vary, a large percentage of the leafhoppers commonly have 
two generations per year. Overwintering is usually spent in 
the egg stage; although some species may overwinter as adults 
or partly grown n^g^mphs. 
Eggs of the species that are associated with corn are 
usually deposited in the leaves. Hatching occurs in a few 
days after oviposition or, in the case of overwintering eggs, 
early in the following Spring. 
The newly hatched nymphs pass through a series of molts 
usually four or five in number, and in these instars they show 
a gradual progression toward the adult form. 
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Plant damage and yield losses 
Borror and DeLong (1954) list five major types of injury 
to plants: (A) removal of excessive amounts of sap and reduc­
tion or destruction of the chlorophyll in the leaves; (B) inter­
ference with the normal physiology of the plant by mechanically 
plugging the phloem and xylem vessels so that the conduction of 
food material is impaired; (C) injuring the plant during ovi-
position of the egg; (D) vectors of plant diseases; and 
(E) stunting and leaf curling. 
•The only report found to contain any information on the 
direct effect of leafhoppers on corn was that of Bushing and 
Burton (1974). These studies, concerned primarily with the 
effect of Dalbulus maidis damaging silage corn, were conducted 
in California during 1969 and 1970. Silage yield data were 
presented from experiments conducted to determine the effective­
ness of several insecticide treatments applied for leafhopper 
control. These data showed that late planted corn was damaged 
by D. maidis feeding on the foliage rather thsin by transmitting 
the causal organism of corn stunt. 
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METHODS AND MATERIALS 
The experiments were conducted at the Ankeny Research 
Farm during 1967, 1968, and 1969. Two European com borer 
susceptible hybrids, (WF9 X B37) and (GN2BD1 X IDT)(LF5 X WF9), 
were planted in separate experiments each year. In 1969, 
however, the single cross hybrid was dropped because of poor 
seed germination. Each experiment was designed as a randomized 
complete block with four replications per treatment. Plots 
were planted with a six row com planter adjusted to plant 
21,000 kemels per acre on 30-inch centers. A schedule of 
field operations for the three-year period is given in Table la. 
A nonsystemic insecticide (heptachlor) was applied at planting 
time to control soil insects in order that all yield reductions 
could be attributed to the above ground insects. 
Four potential com insect pests were evaluated. These 
included European com borers, aphids, rootworru beetles, and 
leafhoppers. Plots were designated according to the insect 
that was to be controlled. For example, in a plot that was 
designated European corn borer, insecticides were applied to 
control corn borer populations; yield loss that occurred in 
that plot would be attributed to leafhoppers, aphids, and 
rootworm beetles. 
Each plot was six rows wide by 90 feet long with 20-fdot 
alleyways between each block. Within each plot, the two outer 
rows served as buffer rows. Thus, each plot was separated by 
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Table la. Schedule of field operations for 1967, 1968, and 1969, 
Ankeny, Iowa 
Date 
Year Planting stalk 
splitting 
Harvest 
1967 
1968 
1969 
May 4 
May 2 
May 13 
August 9 
August 11 
August 20 
October 26 
November 8 
November 7 
two buffer rows. Since it was necessary to destroy the corn 
plants while sampling the insect populations, two adjacent 
rows of the remaining four rows were designated for sampling 
insect populations and two rows were kept intact for yield 
determinations. 
Biweekly insect counts were utilized to determine the 
necessity of applying an insecticide treatment. Due to the 
time involved in examining a single corn plant, it was 
necessary to limit not only the number of plants examined 
within a plot but also the number of plots examined. Two 
replicates within each experiment were designated as sampling 
replicates for determining insect population levels. Ten 
random plants within each sampled plot were carefully examined 
for aphids, rootworm beetles, and leafhoppers. 
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Leafhopper counts were determined in the following manner. 
As the observer approached the plant, the nimber of leafhoppers 
leaving this plant was recorded. The plant was then tapped 
several times and the number of leafhoppers observed leaving 
the plant was again recorded. The plant was then severed at 
ground level and each leaf was unrolled and examined for the 
presence of leafhoppers. Sampling the leafhopper populations 
in the field was difficult. Therefore, all leafhopper species 
were collectively placed in the leafhopper group. Some of the 
species, however, were identified on one sampling date in 1957 
(Appendix Table 76). An arbitrary value of one leafhopper per 
plant was used to deteirmine the need for an insecticide 
application. 
Rootworm beetle populations were monitored in an identical 
manner. One beetle per plant was used to determine the need 
for an insecticide application= 
Aphid counts were monitored in the same manner. However, 
when aphid reproduction had increased until it was no longer 
feasible to count individual aphids, a rating system as 
explained in Table 8 was used. To prevent the observer from 
being biased and selecting plants with visible aphid colonies, 
10 consecutive plants per sampled plot were rated. When all 
10 sampled plants in a plot had light aphid colonies, an 
insecticide was applied. 
European corn borer populations were low for the 3 year 
period. All com borer insecticides were applied when light 
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traps (located on the Ankeny Farm) indicated that corn borer 
moths had emerged. Final assessment of the corn borer popula­
tions was determined by splitting 10 consecutive com stalks in 
each sampled plot and recording the number of com borer cavi­
ties. Com stalk splitting was accomplished by splitting the 
plant longitudinally in two equal halves from the tassel to 
the ground; these data were taken at the end of the season. 
All insecticides were applied as spray formulations with 
a John Deer high clearance sprayer. During the pretassel 
stage of plant growth, spray materials were applied with a 
single nozzle per row calibrated to deliver 10 gallons per 
acre total spray volume. After the com reached the tassel 
stage, drops equipped with four nozzles per row calibrated to 
deliver a total volume of 20 gallons per acre were used. 
Differential control of the insects was obtained by using 
selective insecticides, reduced rates of insecticides, or by 
varying the time of insecticide applications. Bacillus 
thuringiensis (2 quarts 90TS Thuricide per acre), a selective 
microbial insecticide for lepidopterous insects, was used for 
control of the European corn borer. Since rootworm beetles 
and leafhoppers were present On corn at different times during 
the growing season, it was possible to obtain selective control 
of these two insects. Frequent applications of carbaryl 
(Sevin) at reduced rates (0.5 pounds active ingredient per 
acre) was used for leafhopper control and a higher rate (1.0 
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pounds active ingredient per acre) was used for rootworm 
beetle control. Aphids were controlled with applications of 
oxydemetonmethyl (Meta Systox) (0.5 pounds active ingredient 
per acre). 
To determine the effects of an early infestation by 
insects on corn plants, extended leaf height measurements of 
10 random plants per plot were made biweekly during the early 
stages of plant growth. Extended leaf heights were determined 
by measuring the plant from the tip of the tallest extended 
leaf to the soil level. 
Yields were determined by harvesting the two yield rows 
with a two row combine. This combine was modified to harvest 
the grain and obtain a direct weight measurement. Samples 
were collected from each plot for moisture determination. 
Yields were then computed as bushels per acre of number 2 
shelled com at 15.5 percent moisture. 
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RESULTS AND DISCUSSION 
Rainfall, 1967 
The average daily rainfall accumulations are presented in 
Table lb. The results obtained from this study were probably 
influenced by rainfall accumulations. Not only were insect 
population estimates difficult but often, particularly in June, 
wet field conditions prevented needed insecticide applications. 
Single Cross Hybrid, 1967 
Leafhoppers 
Population estimates in the untreated plots and in the 
plots that were treated to regulate leafhopper populations are 
presented in Figure 1. The first leafhoppers were found on 
June 1. In the untreated plots, peak populations were ob­
served on July IS and 21= Population levels declined rapidly 
after July 25 and had almost disappeared by the end of August. 
In general, population levels in the treated plots were 
lower than those in the untreated plots. Sevin was applied on 
June 21, June 28, July 7, and July 18. Leafhopper populations 
on June 16 were above the threshold level {one leafhopper/ 
plant) but wet field conditions prevented insecticide applica­
tion until June 21. Population levels exceeded the threshold 
levels on several occasions. Insecticides were applied but 
apparently leafhoppers migrated from untreated plots into the 
leafhopper plots. 
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Table lb. Average daily rainfall accumulations. Ankeny, Iowa, 
19673 
Date Month 
June July August September 
1 0.02 
2 T 
3 T 
4 
5 1.20 T 
6 0.10 0.10 
7 1.67 
8 0.03 T 
9 0.12 0.15 
10 T 
11 
12 1.30 
13 0.03 0.15 
14 0.37 0.73 
15 0.36 T 
16 0.18 
17 T 0.05 
18 T 
19 0.09 0.10 T T 
20 0.19 0.39 
21 0.10 0.30 
22 
23 0.15 
24 1 • 40 m 
25 
26 T 0.05 0.04 
27 0.15 0.30 0.03 0.30 
28 
29 T 
30 0.20 
31 0.05 
^Recorded at the United States Department of Agriculture, 
European Com Borer Laboratory Weather Station. 
Figure 1. Mean numbers of leafhoppers/10 plants in 
untreated plots and in the plots treated for 
leafhoppers/sample date. Ankeny, Iowa, 1967 
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The analysis of variance of leafhopper populations is 
presented in Table 2 and the mean numbers of leafhoppers/sample 
date are presented in Table 3. The significant date effect 
reflects the expected leafhopper population development. 
Table 2. Analysis of variance (for data recorded in Table 3) 
of Isafhopper populations. Single cross com hybrid. 
Ankenyy Iowa, 1967 
Source D.F. Mean square F-ratio^ 
Replicates 1 33.98 0.511 ns 
Treatments 4 4009.78 60.277** 
Error A 4 66.52 
Dates 24 3102.21 46.513** 
Treatment X Date 96 404.30 6.062** 
Error B 120 66.70 
^ns = nonsignificant; **significant at the 1 percent 
level of probability. 
The treatment effect was significant and the overall 
means show that the leafhopper plots (11.1 leafhoppers/10 
plants) had significantly lower numbers of leafhoppers as 
compared to the untreated (32.2 leafhoppers/10 plants) and the 
com borer plots (30.2 leafhoppers/10 plants). Since the corn 
borer plots were treated with a selective microbial insecticide 
(B. thuringiensis), these results were expected. Leafhopper 
Table 3. Mean number of leafhoppers/sample date on a single cross corn hybrid. 
Ankeny, Iowa, 1967 
Date 
Untreated 
Treatments (mean number/10 plant) 
Leafhopper® Aphids^ Com ^  Rootworm 
-1 «o borer beetler 
Mean 
June 
1 
9 
16 
20 
23 
27 
30 
0.5 
H.5 
1Î>.0 
39.0 
19.5 
31.5 
21.5 
0.5 
2.0 
14 .5 
38 
1 
31 
4, 
0.5 
3.5 
14.0 
34.0 
13.5 
30.5 
23.0 
0 . 0  
4.5 
8.0 
38.5 
17.5 
24.0 
2 0 . 0  
0.5 
6.0 
6.5 
27.5 
9.5 
33.5 
17.0 
0.4 
4.9 
11.6 
35.4 
12.2 
30.2 
17.1 
July 
4 
7 
11 
14 
18 
21 
25 
28 
1(5.5 
42.5 
64.0 
81.0 
107.5 
107.5 
92.5 
41.5 
2 . . 0  
21 ,.0 
14.0 
16.5 
3(1.. 5 
30.5 
13.0 
W . O  
25.5 
50.5 
70.0 
9.5 
13.0 
13.0 
16.5 
17.0 
19.0 
52.5 
76.0 
61.0 
87.5 
8 6 . 0  
66.5 
32.0 
19.5 
24.0 
42.0 
23.5 
45.0 
43.5 
30.0 
24.5 
16.5 
38.1 
53.2 
38.3 
56.7 
56.1 
43.7 
25.2 
August 
1 
4 
8 
11 
15 
18 
25 
29 
19.0 
32.5 
26.0 
14.5 
9.0 
7.0 
4.0 
1.0 
1.0 
11.0 
W.5 
.'>.5 
3.5 
5.0 
11.5 
2 . 0  
8.5 
18.5 
28.5 
2 8 . 0  
18.5 
15.5 
8.5 
5.5 
2 6 . 0  
23.0 
30.5 
25.5 
16.5 
8.5 
10.5 
6.0 
14.0 
15.5 
13.0 
7.5 
8.0 
7.0 
0.5 
0.5 
13.7 
20.1 
21. 3 
16.2 
11.1 
8 . 6  
7.0 
3.0 
September 
1 1.0 1.5 5.0 7.5 0.0 3.0 
5 0.0 0.0 2.5 9.0 0.0 2.3 
Mean 32.2 11.1 18.9 30.2 16.7 
LSD .05 Between treatment means overall dates = 4.52 
^Treated with Sevin to regulate leafhopper populations. 
^Treated with Meta Systox to regulate aphid populations. 
^Treated with Bacillus thuringiensis to regulate corn borer populations. 
^Treated with Sevin to regulate rootworm beetle populations. Applications were 
made late in the season; leafhopper populations should not be effected. 
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population levels in the aphid plots and rootworm beetle plots 
were significantly higher than those in the leafhopper 
plots but lower than the untreated and corn borer plots. 
Apparently the Meta Systox applied for aphid control and late 
applications of Sevin applied for rootworm beetle control 
reduced leafhopper populations in these plots. 
The significant treatment X date interaction indicates 
that leafhopper populations in all plots did not respond in 
the same manner on all dates. For example, on July 11 an 
application of Heta Systox was applied for aphid control. 
This caused a rapid decline of leafhoppers in these plots, 
whereas in all other plots the leafhopper population was 
increasing. 
Corn leaf aphids 
Individual corn leaf aphids were counted on 10 random 
plants/plot until aphid colonies develcpad. Ths first aphids 
were found on June 1 in the untreated and in the aphid plots 
(Figure 2). In general, the population levels were low with a 
high of 6.5 individual aphids/10 plants in the treated plots. 
In anticipation of a rapid increase in the number of aphid 
colonies. Meta Systox was applied on July 11. On July 14 the 
population level in the untreated plots continued to increase, 
whereas populations in the treated plots declined. On July 14 
ten consecutive plants/plot were also examined for the presence 
of aphid colonies (Figure 3). This examination indicated a 
Figure 2. Mean numbers of corn leaf aphids/lO plants in 
untreated plots and in plots treated for corn 
leaf aphids/sample date. Ankeny, Iowa, 1967 
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zero population level. The data in Figures 2 and 3 seem to be 
in conflict; however, when counting individual aphids it is 
possible that all of the aphids may be located on one plant 
and none on the other nine plants in the sample. Therefore, 
counts of individual aphids may not be a good indicator of the 
actual field population. 
An additional application of Meta Systox on August 1 was 
sufficient to prevent the development of aphids for the 
remainder of the season. 
The analysis of variance of irdividual aphids is presented 
in Table 4 and the mean numbers of aphids/sample date are pre­
sented in Table 5. The significant replicate effect indicates 
high variation within the experiment. The date effect was 
significant and the data in Table 5 show that the population 
increased as the season progressed. The treatment effect was 
not significant and the overall means in Table 5 show that the 
population level was low in all plots. 
The analyses of variance of light aphid colonies and 
medium aphid colonies are presented in Tables 6 and 7, respec­
tively. The treatment, date, and treatment X date interaction 
were significant at the one percent level of probability. The 
date effect was significant for the medium aphid colonies. 
The mean number of aphid colonies are presented in Table 8. 
The aphid treated plots had significantly fewer light aphid 
colonies than did the rest of the treated and untreated plots. 
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Table 4. Analysis of variance (for data recorded in Table 5) 
of individual aphid counts. Single cross com 
hybrid. Ankeny, Iowa, 1967 
Source D.F. Mean Square F-ratio^ 
Replicates 1 37.24 19.645** 
Treatments 4 5.08 2.679 ns 
Error A 4 1.90 
Dates 10 37.92 5.849** 
Treatment X date 40 3.64 0.562 ns 
Error B 50 6.48 
^ns = nonsignificant; ** significant at the 1 percent 
level of probability. 
There were no significant differences between the other treated 
plots and untreated plots. These results could be expected 
since neither Sevin nor B. thuringiensis are effective against 
aphids. The treatment effect for the medium aphid colonies 
was not significant (Table 7); the treatment means show that 
extremely low populations of medium aphid colonies were 
present in all plots (Table 8). 
The treatment X date interaction was significant for the 
light aphid colonies? an insecticide was applied to the aphid 
plots on August 1 and after this date aphid populations 
decreased in the aphid plots and increased in all other plots 
Table 5. Mean number of aphids/siample date on a single cross corn hybrid. Ankeny, 
Iowa, 1967 
Treatments (mean number/10 plants) Date 
Untreated Leafhopper Aphid° Corn Rootworm Mean 
borer beetled 
June 
1 1.0 0.0 0.5 0.0 0.0 0.3 
9 0.0 0.0 0.0 0.0 0.0 0.0 
16 0.0 0.0 0.5 0.5 0.5 0.3 
20 0.0 0.0 0.0 0.0 0.0 0.0 
23 1.5 0.0 0.0 0.5 0.0 0.4 
27 0.5 :i.5 0.5 0.0 0.5 0.6 
30 0.5 :>.o 0.5 0.5 2.0 1.0 
July 
4 2.0 0.0 1.0 0.0 0.5 0.7 
7 1.0 0.5 0.5 1.5 0.5 0.8 
11 3.0 10.0 6.5 2.5 2.5 4.9 
14 5.5 w.o 6.0 7.0 1.0 5.5 
Mean 1.4 2 . 0  1.5 1.1 0.7 
LSD .05 Between treatment means overall dates = 1.15 
^Treated with Sevin to regulate leafhopper populations. 
^Treated with Meta Systox to regulate aphid populations. 
^Treated with Bacillus thurimgiensis to regulate corn borer populations. 
^Treated with Sevin to regulate rootworm beetle populations. Applications were 
made late in the season; leafhopper populations should not be effected. 
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Table 6. Analysis of variance (for data recorded in Table 8) 
of light aphid colonies. Single cross corn hybrid. 
Ankeny, Iowa, 1967& 
Source D.F. Mean Square F-ratio^ 
Replicates 1 10.14 1.282 ns 
Treatments 4 282.87 35.776** 
Error A 4 7.91 
Dates 14 264.41 45.731** 
Treatment X date 56 24.88 4.303** 
Error B 70 5.78 
^Colony rating (aphids/plant) = light 0-100. 
^ns = nonsignificant; ** significant at the 1 percent 
level of probability. 
Table 7. Analysis of variance (for data recorded in Table 8) 
of medium aphid colonies. Single cross corn hybrid. 
Ankeny, Iowa, 1967& 
Source D.F. Mean Square F-ratio^ 
Replicates 1 0.52 0.516 ns 
Treatments 4 0.13 0.613 ns 
Error A 4 0.21 
Dates 14 0.26 3.000** 
Treatment X date 56 0.11 1.214 ns 
Error 3 70 0.09 
^Colony rating (aphids/plant) - medium 101-200. 
^ns = nonsignificant; ** significant at the 1 percent 
level of probability. 
Table 8. Mean nmnber of aphid colonies/sample date on a single cross corn hybrid. 
Ankeny, Iowa, 1967 
• Treatments (mean number/10 plants) 
Untreated Leafhopper Aphid Corn 
borer 
Rootworm 
beetled 
Mean 
L© Me L M L M L M L M L M 
July 
14 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
18 1.5 0.0 1.5 0.0 0.5 0.0 1.0 0.0 0.5 0.0 1.0 0.0 
21 8.0 0.0 3.0 0.0 2.5 0.0 2.0 0.0 2.0 0.0 3.5 0.4 
25 3.0 0.5 2.5 0.0 0.0 0.0 2.5 1.5 2.5 0.0 2.1 0.5 
28 6.0 0.0 9.0 1.0 1.5 0.0 9.5 1.0 2.0 0.5 5.6 0.2 
August 
12.7 1 16.5 0.0 13.0 0.5 15.0 0.0 12.0 0.0 7.0 0.5 0.1 
4 9.5 0.0 16.5 0.0 3.0 0.0 12.5 0.0 13.0 0.5 10.9 0.0 
8 13.5 0.0 20.0 0.0 3.0 0.0 19.5 0.0 18.0 0.0 14.8 0.0 
11 14.0 0.0 20.0 0.0 2.5 0.0 18.5 0.0 20.0 0.0 15.0 0.0 
15 16.0 0.0 17.0 0.0 0.0 0.0 20.0 0.0 20.0 0.0 14.6 0.0 
18 14.0 0.0 20.0 0.0 2.0 0.0 18.5 0.0 15.0 0.0 13.9 0.0 
25 10.5 0.0 11.0 0.0 3.0 0.0 10.0 0.0 7.5 0.0 8.4 0.0 
29 3.5 0.0 8.5 0.0 5.0 0.0 8.5 0.0 6.0 0.0 6.3 0.0 
September 
5.0 1 5.0 0.0 5.5 0.0 2.0 0.0 7.0 0.0 0.0 4.9 0.0 
5 5.0 0.0 8.0 0.0 1.5 0.0 3.0 0.0 3.5 0.0 4.2 0.0 
Mean 8.4 0.0 10.4 0.1 2.8 0.0 9.6 0.1 8.2 0.1 
LSD .05 Between "treatment means "overall dates (Tight i aphid colonies; = T,T6~ ~ 
^Treated with Sevin to regulate leafhopper populations. 
^Treated with Meta Systox to regulate aphid populations. 
*^Treated with Bacillus thuringiensis to regulate corn borer populations. 
'^Treated wit;h Sevin to regulate rootworm beetle populations. Applications 
were made late in the season; leafhopper populations should not be effected. 
ecolony rating (aphids/plant) = L - light = 0-100, M - medium = 101-200, heavy = 
201 + (heavy colonies were not observed). 
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(Table 8). 
Rootworm beetles 
Populations in the untreated and treated plots are pre­
sented in Figure 4. The first rootworm beetle was found in 
the untreated plots on July 18 and the population peaked on 
August 25. Sevin was applied on August 8, August 25, and 
September 1. Although an insecticide was applied on August 25, 
the population remained above the threshold level of one root-
worm beetle/plant. No heavy rains occurred during this period 
but rainfall that occurred on August .26 and 27 may have :been-
sufficient to remove most of the Sevin thereby preventing 
effective control. 
The analysis of variance of rootworm beetle populations 
is presented in Table 9,and the mean number of rootworm 
beetles is presented in Table 10. The treatment, date, and 
treatment X date interaction were significant at the one per­
cent level of probability. The significant date effect shows 
that rootworm beetle populations increased as the season 
progressed. 
The treatment effect was significant and the overall 
means show that rootworm beetle plots had significantly fewer 
beetles than the other plots (Table 10). The com borer plots 
were treated with B. thuringiensis. Comparison of the overall 
means between the untreated plots and the corn borer plots 
show that this material did not effect the rootworm beetle 
Figure 4. Mean numbers of rootworm beetles/10 plants in 
untreated plots and in the plots treated for 
rootworm beetles/sample date. Ankeny, Iowa, 
1967 
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Table 9. Analysis of variance (for data recorded in Table 10) 
of rootworm beetle populations. Single cross com 
hybrid. Ankeny, Iowa, 1967 
Source D.F. Mean Square F-ratio^ 
Replicates 1 3.46 0.197 ns 
Treatments 4 768.66 43.636** 
Error A 4 17.62 
Dates 24 2230.60 102.430** 
Treatment X date 96 80.84 3.710** 
Error B 120 21.78 
^ns = nonsignificant; ** significant at the 1 percent 
level of probability. 
populations. A comparison of the leafhopper plots and the 
aphid plots shcv;s that early season applications of Sevin and 
Meta Systox did not effect beetle populations. 
The treatment X date interaction shows that all plots 
did not react the same on all dates. For example, a compari­
son of the means of rootworm beetle populations after August 8 
shows that in the beetle treated plots the populations 
declined, whereas in the other plots the beetle population was 
increasing. 
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Mean number of rootwom beetles/sample date on a single cross corn hybrid. 
Ankeny, Iowa, 1967 
Untreated 
Treatments (mean number/10 plants) 
Leaf hopper*^ Aphid Corn 
borer 
Rootwom 
beetle^ 
Mean 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0.5 
0 . 0  
0 . 0  
0 . 0  
0.5 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0.5 
0.5 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0.5 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0.5 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0.5 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0.5 
0 . 0  
11.5 
10.0 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
3.5 
3.5 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
2.5 
6 . 0  
0 . 0  
0 . 0  
0 . 0  
0 .  0  
0 . 0  
0 . 0  
15.0 
13.5 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
1.0 
3.0 
15.0 
11.5 
10.0 
19.0 
28.5 
33.5 
52.0 
43.0 
11.0 
4.0 
17.0 
1-1.5 
17.0 
19.5 
36.0 
42.0 
8.5 
2 . 0  
10.5 
2 0 . 0  
21.5 
25. 5 
31.5 
34.0 
23.0 
5.0 
11.5 
25.0 
32.5 
39.0 
41.0 
41.5 
9.5 
0 . 0  
13.5 
2.5 
2 . 0  
5.0 
15.5 
13.0 
September 
l" 51.0 40.0 40.5 44.0 49.0 
5 24.5 31.5 31.5 36.0 10.0 
Mean 12.4 9.6 9.4 13.1 5.0 
LSD .05 Between treatment means over all dates = 2.33 
^Treated with Sevin to regulate leafhopper populations. 
^Treated with Meta Systox to regulate aphid populations. 
*^Treated with Bacillus thuringiensis to regulate com borer populations. 
'^Treated with Sevin to regulate rootworm beetle populations. Applications 
were made late in the season; leafhopper populations should not be effected. 
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European com borers 
European corn borer populations were regulated with two 
applications of B. thuringiensis applied on June 21 and June 
28. Applications were applied when light traps (located on 
the Ankeny Research Farm) indicated that corn borer moths had 
emerged. Com borer cavity data were collected at the end of 
the growing season. The analysis of variance of these data is 
presented in Table 11 and the mean number of borer cavities/ 
treatment is shown in Table 12. There were no significant 
differences between any of the treatments. An examination of 
the means show that com borer populations were extremely low 
and there were no differences between any of the treatments. 
Table 11. Analysis of variance (for data recorded in Table 12) 
of corn borer cavities. Single cross com hybrid. 
Ankeny, Iowa, 1967 
Source D.F. Mean Square F-ratio^ 
Replicates 1 3.60 2.667 ns 
Treatments 4 1.65 1.222 ns 
Error 4 1.35 
^ns = nonsignificant. 
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Table 12. Mean number of coim borer cavities on a single cross 
com hybrid. Ankeny, Iowa, 1967 
Treatment Mean number/10 plants 
Untreated 2.5 
Leafhopper^ 3.0 
Aphid^ 1.0 
Corn borer^ 1.5 
Rootworm beetle^ 3.0 
^Treated with Sevin to regulate leafhopper populations. 
^Treated with Meta Systox to regulate aphid populations. 
^Treated with Bacillus thuringiensis to regulate corn 
borer populations. 
d Treated with Sevin to regulate rootworm beetle popula­
tions. Applications were made late in the season; leafhopper 
populations should not be effected. 
Extended leaf heights 
To determine the effects of an early infestation by 
insects on corn plants, extended leaf height measurements were 
made biweekly during the early stages of plant growth. The 
analysis of variance for these data is presented in Table 13. 
There were no significant differences among the treatments. 
As expected, the date effect was significant. The mean 
extended leaf height measurements are presented in Table 14. 
These data show that either these insects do not effect early 
48 
Table 13. Analysis of variance (for data recorded in Table 14) 
of extended leaf heights. Single cross com hybrid. 
Ankeny, Iowa, 1967 
Source D.F. Mean Square F-ratio^ 
Replicates 1 105.66 0.624 ns 
Treatments 4 34.42 0.203 ns 
Error A 4 169.29 
Dates 11 3387.58 288.756** 
Treatment X date 44 4.51 0.384 ns 
Error B 55 11.73 
^ns = nonsignificant; ** significant at the 1 percent 
level of probability. 
plant growth or that the insect population levels were not 
high enough to cause plant damage. 
Yields 
The analysis of variance for the yields is presented in 
Table 15 and the data are presented in Table 16. There were 
no significant differences among the plots. Variation in the 
data are illustrated by the following: In the aphid 
plots, yields ranged from a high of 109.3 bushels/acre to a 
low of 67.5 bushels/acre. Yields in the rootworm beetle 
plots ranged from 106.5 to 66.5 bushels/acre. The 
field was not uniform in soil type and drainage. The 
Table 14. Effect of leafhoppers, aphids , corn borers, and rootworm beetles on 
extended leaf height. Single cross corn hybrid. Ankeny, Iowa, 1967 
Treatments (mean extended leaf height (inches)/60 plants) 
Untreated Leafhopper^ Aphid^ Corn 1 Rootworm Mean 
borer beetled 
June 
1 7.9 13.4 8.3 8.0 8.0 8.1 
9 12.0 11.3 11.0 11.5 11.3 11.4 
16 20.8 21.8 21.8 20.5 20.3 21.0 
20 26.5 2(5.8 25.8 25.0 26.5 26.1 
23 30.5 31.0 31.0 30.5 31.3 30.9 
27 33.5 315.0 36.8 33.5 37.0 35.2 
30 30.3 40.0 38.0 37.5 39.8 38.7 
July 
4 43.0 43.3 46.5 40.8 47.0 44.1 
7 39.5 40.8 46.8 44.0 48.8 45.6 
11 53.3 55.6 53.1 50.9 56.5 53.9 
14 57.7 60.0 60.3 55.5 60.0 58.7 
18 65.1 6(5.8 68.8 66.7 71.0 67.6 
Mean 35.7 37.4 37.4 35.3 38.1 
^Treated with Sevin to regulate leafhopper populations. 
^Treated with Meta Systox to regulate aphid populations. 
^Treated with Bacillus thuringiensis to regulate corn borer populations. 
*^Treated with Sevin to regulate rootworm beetle populations. Applications 
were made late in the season; leafhopper populations should not be effected. 
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Table 15. Analysis of variance (for data recorded in Table 
16) of yield in a single cross corn hybrid. 
Ankeny, Iowa, 1967 
Source D.F. Mean Square F-ratio^ 
Replicates 3 210.67 0.94 ns 
Treatments 4 167.82 0.75 ns 
Error 12 223.58 
^ns = nonsignificant. 
Table 16. Yield of a single cross corn hybrid under insect 
infestations. Ankeny, Iowa, 1967 
Replicates 
X X tsd wiidi uo 
I II III VI Mean 
Bushels/acre 
Untreated 89.2 75.7 86.1 72.2 80. 8 
Leafhoppers ^ 81.1 84.0 95.2 97.5 89.5 
Aphids^ 109.3 84.0 108.2 67.5 92.3 
European com borers^ 84.5 95.2 62.1 75.3 79.3 
Rootworm beetles^ 67.8 66.5 106.5 70.7 77.9 
Treated with Sevin to regulate leafhopper populations. 
^Treated with Meta Systox to regulate aphid populations, 
^Treated with Bacillus thuringiensis to regulate corn 
borer coDUlations. 
Treated with Sevin to regulate rootworm beetle popula­
tions. Applications were made late in the season; leafhopper 
populations should not be effected. 
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experimental design, however, should have kept the variation 
between replicates. In retrospect plant populations should 
have been recorded in each experiment and an analysis of 
covariance may have removed some of the variation and allowed 
for the detection of yield differences. 
Double Cross Com Hybrid, 1967 
Leafhoppers 
Leafhopper population levels in untreated and leafhopper 
plots are presented in Figure 5. Although the single cross 
and double cross corn hybrids were planned as two separate 
experiments in separate fields the population curves for both 
hybrids are similar (Figure 1 vs. Figure 5). 
On the first sample date (June 1) low populations of leaf-
hoppers were found in the untreated and treated plots of the 
double cross com hybrid. In the untreated plots there was a 
rapid increase in leafhopper populations on July 4. Popula­
tions peaked on July 14 and started declining after July 21. 
There was a small population increase on August 11 but by 
August 25 most of the leafhoppers had disappeared. 
Excluding the sample dates of June 20 and June 27, leaf­
hopper populations were lower in the treated plots than in the 
untreated plots. Wet field conditions prevented the applica­
tion of the needed insecticides. Sevin was applied on June 21, 
June 28, July 7, and July 18. 
Figure 5. Mean numbers of leafhoppers/10 plants in 
untreated plots and in plots treated for leaf 
hoppers/sample date. Ankeny, Iowa, 1967 
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Table 17 shows the analysis of variance for the leaf-
hopper populations and Table 18 shows the mean number of leaf-
hoppers/sample date in each treatment. The treatment, date, 
and treatment X date interaction were significant at the one 
percent level of probability. The overall mean leafhopper 
I 
populations varied from 32.2 in the untreated plots to 11.6 
leafhoppers/10 plants in the leafhopper plots. There were no 
significant differences between the mean number of leafhoppers 
in the untreated plots and the com borer plots. The plots 
that received Meta Systox for aphid control and the rootworm 
beetle plots that were treated with Sevin late in the season 
had lower numbers of leafhoppers as compared to the untreated 
plots. 
The significant date and treatment X date interaction 
were probably caused by the same effects as discussed in the 
single cross com hybrid (leafhoppers) section. 
Table 17. Analysis of variance (for data recorded in Table 18) 
of leafhopper populations. Double cross corn 
hybrid. Ankeny, Iowa, 1967 
Source D.F. Mean Square F-ratio^ 
Replicates 1 0.03 0.001 ns 
Treatments 4 3062.05 100.376** 
Error A 4 30.51 
Dates 24 2814.99 45.689** 
Treatment X date 96 305.42 4.957** 
Error B 120 61.61 
^ns = nonsignificant; ** significant at the 1 percent 
level of probability. 
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27 
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Mean number of leafhoppers/saraple date on a double cross corn hybrid, 
Ankeny, Iowa, 1967 
Untreated 
JCreatments (mean number/10 plants) 
Leafhopper' Aphid Corn 
borer 
Rootworm 
beetle^ 
Mean 
0.5 
5.5 
19 .0 
39.5 
25.5 
39.0 
30.0 
0 . 0  
1.5 
25.0 
41.5 
15.0 
39.5 
5.5 
0.5 
1.0 
5.0 
34.0 
23.0 
36.5 
25.0 
0 . 0  
5.0 
2 0 . 0  
35.0 
8 . 0  
41.5 
2 0 . 0  
0 . 0  
2.5 
10.5 
37.5 
12.5 
46.0 
23.0 
0.2 
3.1 
15.9 
37.5 
16.8 
40.5 
20.7 
18 .0  
8 2 . 0  
79.5 
86.5 
72.5 
7£l.5 
43.5 
43.0 
4.0 
23.0 
10.5 
16.0 
32.0 
13.5 
10.0 
14.0 
21.0 
61.0 
88.0 
11.5 
16.5 
19.0 
17.5 
13.0 
13.5 
50.5 
66.5 
67.5 
6 6 . 0  
55.5 
46.0 
37.5 
21.0 
36.5 
40.5 
37.5 
54.5 
38.5 
16.5 
9.0 
15.5 
50.6 
57.0 
43.8 
48.3 
41.0 
26.7 
23.3 
24.0 
16 .0  
24.0 
3!i.O 
22.5 
13.5 
•1.5 
%.0 
11.5 
4.0 
2.0 
1.5 
13.5 
1.5 
1.5 
1 . 0  
10.0 
10.0 
26.5 
32.0 
35.0 
26.0 
15.0 
8.0 
16.5 
16.5 
17.0 
37.5 
29.0 
33.0 
19.0 
10.5 
16.0 
16.0 
23.0 
30.5 
16.5 
13.0 
0.5 
2.5 
15.6 
12.5 
18.5 
27.3 
23.3 
17.4 
7.9 
4.8 
September 
1 0.5 2.0 6.5 2.0 4.0 3.0 
5 ]L.0 0..0 4.0 2.0 0.5 1.5 
Mean 32.2 11.6 23.8 28.6 20.3 
LSD .05 Between treatment means over all dates = 3.06 
^Treated with Sevin to regulate leafhopper populations. 
^Treated with Meta Systox to regulate aphid populations. 
^Treated with Bacillus thuri.ngiensis to regulate corn borer populations. 
'^Treated with Sevin to regul ate rootworm beetle populations. Applications 
were made late in the season; leafhopper populations should not be effected. 
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Com leaf aphids 
The numbers of com leaf aphids in the untreated plots 
and in the plots treated for aphids are presented in Figure 6. 
The first aphids were found on June 1 but the individual aphid 
counts remained low until June 23; at this time there were 69.0 
aphids/10 plants in the untreated plots. Populations peaked on 
July 14 (727.0 aphids/10 plants). Aphids in the treated plots 
were considerably lower and by July 11 only 360.0'aphids/10 
plants were observed. The first application of Meta Systox 
was applied at this time. Three days later the aphid popula­
tion in the treated plots had been reduced to 3.5 aphids/10 
plants. 
The analysis of variance of aphid populations is presented 
in Table 19 and the mean numbers of aphids/sample date are 
presented in Table 20. The treatment effect was significant 
at the five percent level of probability= Examination of the 
treatment means show that all plots had significantly fewer 
aphids than the untreated plots. There were no significant 
differences among any of the other treated plots. Since the 
insecticides used in the corn borer, leafhopper, and rootworm 
beetle plots are relatively nontoxic to aphids, it is highly 
doubtful that the significant treatment effect was due to 
insecticide applications. The highly significant treatment 
effect was probably due to the sampling technique. For 
example, on July 11 there were 4.0 aphids/10 plants in the corn 
Figure 6. Mean numbers of com leaf aphids in untreated 
plots and in plots treated for aphids/sample 
date. Ankeny/ Iowa, 1967 
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Table 19. Analysis of variance (for data recorded in Table 20) 
of individual aphid counts. Double cross com 
hybrid. Ankeny, Iowa, 1967 
Source D.F. Mean Square P-ratio^ 
Replicates 1 24870.15 7.159* 
Treatments 4 34002.00 9.789* 
Error A 4 3473.83 
Dates 10 69619.96 7.814** 
Treatment X date 40 19262.24 2.162** 
Error B 50 8909-27 
Significant at the 5 percent level of probability; 
** significant at the 1 percent level of probability. 
borer plots and 293.5 aphids/10 plants in the untreated plots. 
Three days later 226.0 aphids/10 plants were found in the corn 
borer plots as compared to 727.0 aphids/10 plants in the un­
treated plots. It is highly unlikely that the aphid population 
would increase this rapidly. Thus, the rapid increase was 
probably due to the observer having randomly selected a single 
plant that was heavily infested with aphids. Therefore, 
individual aphid counts may not be a good indicator of the 
aphid population within a field of com. 
The mean number of light aphid colonies/10 plants in the 
untreated plots and in the plots treated for aphids is 
Table 20 Mean number of aphids/sample date on a double cross corn hybrid. Ankeny 
Iowa, 1967 
Treatments (mean number/10 plants) 
Untreated Leafhopper^ Aphid^ Corn Rootworm Mean 
borer beetle" 
June 
1 0.5 0.5 0.0 0.0 0.0 0.2 
9 0.0 0.0 0.0 0.0 0.0 0.0 
16 0.0 0.5 0.0 1.0 0.0 0.3 
20 0.0 0.0 0.0 0.5 0.0 0.1 
23 68.5 2.5 0.0 2.0 1.5 14.9 
27 1.5 5.0 0.0 38.5 0.0 9.0 
30 69.0 0.5 0.0 0.0 0.5 14.0 
July 
4 5.5 30.0 1.0 6.5 18.5 12.3 
7 86.5 46.5 27.5 26.0 41.0 38.8 
11 293.5 8.0 359.5 4.0 7.5 141.2 
14 727.0 68.0 3.5 226.0 296.5 264.2 
Mean 113.8 14.7 35.6 27.7 33.2 
LSD .05 Between treatment means over all dates = 49.33 
^Treated with Sevin to regulate leafhopper populations. 
^Treated with Meta Systox to regulate aphid populations. 
^Treated with Bacillus thuringiensis to regulate corn borer populations. 
^Treated with Sevin to regulate rootworm beetle populations. Applications 
were made late in the season; lea.fhopper populations should not be effected. 
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presented in Figure 7. Light aphid colonies were first found 
on July 18. The aphid colonies continued to increase and 
peaked on August 15 in the untreated plots. The mean number 
of light aphid colonies decreased rapidly after this sample 
date and were down to less than 5.0/10 plants by September 1. 
Meta Systox was applied in the aphid plots on August 4. This 
application reduced the population level to 2.0 light aphid 
colonies/10 plants. Although this level fluctuated throughout 
the remainder of the season, it was not necessary to apply 
additional insecticides. 
The analyses of variance for the light and medium aphid 
colonies are presented in Tables 21 and 22, respectively. The 
mean numbers of light and medium aphid colonies are presented 
in Table 23. The treatment, date, and treatment X date inter­
action were highly significant for the light aphid colonies 
(Table 21). Examination of the overall treatment means/lO 
plants show the insecticide treatment applied for regulating 
the aphid colonies was effective; the aphid plots were signifi­
cantly lower than the rest of the plots. There were no dif­
ferences among the means of the other plots. Although some of 
the light aphid colonies developed into the medium category, 
the numbers of medium aphid colonies were too low to detect 
differences in treatments (Table 23). 
The date and treatment X date interaction were significant 
for the light aphid colonies. Only the date effect was 
Figure 7. Mean numbers of light com leaf aphid colonies/ 
10 plants in untreated plots and in plots 
treated for corn leaf aphids/sample date. 
Colony rating (aphids/plant) light 0-100. 
Ankeny, Iowa, 1967 
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Table 21. Analysis of variance (for data recorded in Table 22) 
of light aphid colonies. Double cross corn hybrid. 
Ankeny, Iowa, 1967& 
Source D.F. Mean Square F-ratio^ 
Replicates 1 1.71 0.117 ns 
Treatments 4 349.68 24.022** 
Error A 4 14.56 
Dates 14 205.07 23.377** 
Treatment X date 56 21.28 2.425** 
Error B 70 8.77 
^Colony rating (aphids/plant) = light 0-100. 
^ns = nonsignificant; ** significant at the 1 percent 
level of probability. 
Table 22. Analysis of variance (for data recorded in Table 23) 
of medium aphid colonies. Double cross corn hybrid. 
Ankeny, Iowa, 1967^ 
Source D.F. 
K 
F_ratio" 
Replicates 1 0-43 0.038 ns 
Treatments 4 6.17 0.556 ns 
Error A 4 11.09 
Dates 14 7.92 4.071** 
Treatment X date 56 1.33 0.684 ns 
Error B 70 1.95 
^Colony rating (aphids/plant) = medium 101-200. 
^ns = nonsignificant; ** significant at the 1 percent 
level of probability. 
Table 23. Mean number of aphid colonies/sample date on a double cross corn hybrid, 
Ankenyi, Iowa, 1967 
Date 
Treatments (mean number/10 planté 
Untreated Leafhopper* 
~Lë Më ""L M~ 
Aphid Corn borer* 
M M 
Rootworm 
beetle^ 
L M 
Mean 
M 
July 14 
18 
21 
25 
28 
August 1 
4 
8 
11 
15 
18 
25 
29 
September 
Mean 
0 . 0  
9.5 
7.5 
10.0 
10.0 
11.5 
10.0 
16.5 
18.5 
2 0 . 0  
15.0 
10.5 
6.0 
3.0 
3.5 
10.1 
0 . 0  
1.5 
3.0 
4.5 
6 . 0  
4.0 
2 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
1.4 
0 . 0  
5.5 
5.5 
10.0 
13.0 
14.0 
14.0 
2 0 . 0  
18.5 
18.0 
2 0 . 0  
18.5 
13.5 
9.0 
2 . 0  
12.1 
LSD .05 Between treatment means 
, .0 
„5 
. 0  
,.5 
.,0 
, . 0  
..0 
.0 
.0 
.5 
.0 
.0 
. 0  
. 0  
, 0  
.7 
"over 
0 . 0  
3.0 
4.0 
7.0 
7.5 
6 . 0  
8 . 0  
2 . 0  
1.5 
2 . 0  
2.5 
2.5 
4.0 
2 . 0  
0 . 0  
3.5 
0 . 0  
0 . 0  
0.5 
1.0 
1.5 
2.0 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0.3 
0 . 0  
4.0 
7.5 
7.0 
14.0 
11.0 
12.0 
18.5 
19.5 
2 0 . 0  
15.5 
10.5 
9.0 
8.5 
6.5 
10.9 
. 0  
.5 
.5 
.5 
.5 
.5 
. 0  
. 0  
.5 
. 0  
. 0  
. 0  
. 0  
. 0  
. 0  
.7 
0 . 0  
4.5 
9.0 
9.0 
8 . 0  
8.5 
8.5 
16.5 
19.5 
18.5 
17.0 
7.5 
5.0 
4.0 
0 . 0  
9.0 
0 . 0  
0 . 0  
0.5 
1.5 
1.0 
0.5 
0.5 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0.3 
0 . 0  
5.3 
6.7 
8 . 6  
10.5 
1 0 . 2  
10.5 
14.7 
15.5 
15.7 
14.0 
9.9 
7.5 
5.3 
2.4 
0 . 0  
1.1  
1.5 
1.6 
2 . 6  
2.0 
1.3 
0.3 
0.1 
0.1 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
all dates for light aphid colonies = 2.7? 
^Treated with Sevin to regulate leafhopper populations. 
^Treated with Meta Systox to regulate aphid populations. 
^Treated with Bacillus thuringiensis to regulate corn borer populations. 
^Treated with Sevin to regulate rootworm beetle populations. Applications 
were made late in the season; leafhopper populations should not be effected. 
®Colony rating (aphids/plant) = L - light = 0-100, M - medium - 101-200, heavy-
201 + (heavy colonies were not observed). 
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significant for the medium rated colonies. 
Rootworm beetles 
The mean numbers of rootworm beetles/10 plants in the un­
treated plots and in the plots treated for rootworm beetles are 
presented in Figure 8. Although beetles were present as early 
as June 9 they were southern com rootworm beetles and should 
have been deleted from the data. The first western corn root-
worms were found on July 18 in the untreated plots. Popula­
tions peaked on August 25- In the plots treated for rootworm 
beetles, insecticides were applied on July 25, August 1, 
August 15, and September 1. In general, population levels in 
these plots were lower than in the untreated plots but in some 
cases they exceeded the threshold level of one beetle/plant. 
Since rootworm beetle populations in the untreated and treated 
plots were declining,data were not taken after September 5. 
There were no significant differences in any of the 
treatments (Table 24). The overall treatment means, however, 
show a numerical difference in the number of beetles/10 plants 
in the rootworm plots as compared to the other treatments 
(Table 25). As expected the date and treatment X date inter­
action were significant. 
European corn borers 
B. thuringiensis was applied on June 21 and June 28 for 
regulating com borer populations. The analysis of variance 
Figure 8. Mean numbers of rootworm beetles/10 plants in 
untreated plots and in plots treated for root-
worm beetles/sample date. Ankeny, Iowa, 1967 
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Table 24. Analysis of variance (for data recorded in Table 25) 
of rootworm beetle populations. Double cross com 
hybrid. Ankeny, Iowa, 1967 
Source D.F. Mean Square F-ratio^ 
Replicates 1 5.85 0.015 ns 
Treatments 4 1436.09 3.569 ns 
Error A 4 402.38 
Dates 24 2975.30 49.767** 
Treatment X date 96 195.09 3.263** 
Error B 120 59.79 
^ns = nonsignificant; ** significant at the 1 percent 
level of probability. 
of corn borer cavities is presented in Table 26 and the mean 
numbers of com borer cavities/10 plants for each treatment 
are presented in Table 27. There were no significant dif­
ferences in the treatments. 
Extended leaf heights 
Extended leaf heights were compared among all treatments 
to determine the effects of leafhoppers, aphids, corn borers, 
and rootworm beetles on young corn plants. The analysis of 
variance of these data is presented in Table 28 and the mean 
extended leaf heights sure presented in Table 29. Treatment 
means were not significantly different. The expected growth 
1 
9 
16 
20 
23 
27 
30 
Ju 
4 
7 
11 
14 
18 
21 
23 
2 8  
Au 
1 
4 
8 
11 
15 
18 
25 
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Mean nuniber of rootwoian beetles/sample date on a double cross corn hybrid. 
Ankeny, Iowa, 1967 
Untreated 
Treatments (mean number/lO plants 
Leafliopper' Aphid Corn 
borer 
Rootworm 
beetle^ 
Mean 
0 . 0  
0.5 
0.5 
0 . 0  
0 . 0  
0 . 0  
0.5 
0 . 0  
0 . 0  
1.5 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0.5 
0 . 0  
0 . 0  
0.5 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
1.0 
0 . 0  
0.5 
0 . 0  
0 . 0  
0 . 0  
0 . 2  
0 . 6  
0 . 0  
0.2 
0 . 0  
0.1 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
1.0 
3.0 
38.5 
44.5 
0.5 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
6 . 0  
12.5 
0.5 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
7.0 
21.5 
35.0 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
2 . 0  
11.5 
17.5 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
9.5 
10.0 
5.5 
0 . 2  
0 . 0  
0 . 0  
0 . 0  
0 . 2  
4.3 
17.5 
23.0 
30.0 
45.0 
58.5 
57.5 
6 0 . 0  
58.0 
65.0 
28.5 
19.5 
19.5 
38.0 
44.0 
40.0 
56.0 
6 2 . 0  
50.0 
26.5 
26.5 
30.5 
26.5 
40.0 
35.5 
23.0 
25.0 
2 2 . 0  
2 2 . 0  
31.0 
38.0 
33.0 
36.5 
36.0 
56.5 
18.5 
2.0 
7.5 
13.5 
30.5 
8.5 
10.0 
15.0 
23.3 
23.0 
33.1 
35.9 
40.7 
38.9 
39.2 
35.0 
September 
1 23.5 43.0 34.5 52.5 20.5 34.8 
5 13.0 33.5 24.5 39.5 13.0 24.7 
Mean 21.1 17.0 14.3 15.9 6.6 
LSD .05 Between treatment means; over all dates = 11.13 
^Treated with Sevin to regulate leafhopper populations. 
^Treated with Meta Systox to regulate aphid populations. 
'^Treated with Bacillus thur.lngiensis to regulate corn borer populations. 
^Treated with Sevin to regulate rootworm beetle populations. Applications 
were made late in the season; leafhopper populations should not be effected. 
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Table 26. Analysis of variance (for data recorded in Table 27) 
of com borer cavities. Double cross corn hybrid. 
Ankeny, Iowa, 1967 
Source D.F. Mean Square F-ratio^ 
Replicates 1 2.50 0.238 ns 
Treatments 4 18.90 1.800 ns 
Error 4 10.50 
^ns = nonsignificant. 
Table 27. Mean number of corn 
cross corn hybrid. 
borer cavities in a double 
Ankeny, Iowa, 1967 
Treatment Mean number/10 plants 
Untreated 10.5 
Leafhopper^ 4.0 
Aphid^ 7.0 
Com borer 4.0 
Rootworm beetle^ 3.0 
^Treated with Sevin to regulate leafhopper populations. 
^Treated with Meta Systox to regulate aphid populations. 
'^Treated with Bacillus thuringiensis to regulate corn 
borer populations. 
^Treated with Sevin to regulate rootworm beetle popula­
tions. Applications were made late in the season; leafhopper 
populations should not be effected. 
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Table 28. Analysis of variance (for data recorded in Table 29) 
of extended leaf heights. Double cross corn hybrid. 
Ankeny, Iowa, 1967 
Source D.F. Mean Square F-ratio^ 
Replicates 1 144.32 3.578 ns 
Treatments 4 58.29 1.485 ns 
Error A 4 39.24 
Dates 11 4709.99 843.258** 
Treatment X date 44 5.85 1.048 ns 
Error B 55 5.59 
^ns = nonsignificant; ** significant at the 1 percent 
level of probability. 
and development of the corn plants was indicated by the signifi 
cant date effect. The treatment X date interaction was not 
significant. 
Yields 
To determine the possible effects of infestations of leaf-
hoppers , aphids, corn borers, and com rootworm beetles on 
corn yields, all plots were harvested at the end of the season. 
% 
The analysis of variance for these data is presented in Table 
30. There were no significant treatment effects. The 
replicate effect was highly significant. The bushels of No. 2 
shelled com produced per plot are presented in Table 31c 
Table 29. Effect of leafhoppers, aphids, corn borers, and rootworm beetles on the 
extended leaf height of a double cross corn hybrid. Ankeny, Iowa# 1967 
Treatments (mean extended leaf height (inches)/10 plants) 
ua ut: 
Untreated Leafhopper^ Aphid^ Corn 
borer 
Rootworm 
beetled 
Mean 
June 1 3.4 (1.5 8.1 7.9 8.5 8.3 
9 10.8 10.0 11.0 11.5 10.5 10.8 
16 23.0 21.5 22.8 20.8 22.8 22.2 
20 31.0 30.3 31.3 28.5 30.5 30.3 
23 35.8 34.8 33.8 33.5 35.5 34.7 
27 43.5 4%.0 41.3 37.8 41.8 41.3 
30 47.0 47.0 44.3 44.8 47.0 46.0 
July 4 55.8 54.0 53.3 49.3 53.0 53.1 
7 59.8 5G.3 56.5 50.5 53.8 55.4 
11 67.7 62.3 64.3 61.0 63.8 63.8 
14 72.3 60.6 69.8 62.8 63.3 67.4 
18 75.9 70.9 71.9 71.0 74.0 74.3 
Mean 44.2 42.8 42.4 40.0 42.0 
Treated with Sevin to regulate leafhopper populations, 
^Treated with Meta Systox to regulate aphid populations. 
^Treated with Bacillus thuringiensis to regulate corn borer populations. 
^Treated with Sevin to regulate rootworm beetle populations. Applications 
were made late in the season; leafhopper populations should not be effected. 
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Table 30. Analysis of variance (for data recorded in Table 31) 
of yield. Double cross corn hybrid. Ankeny, Iowa 
1967 
Source D.F. Mean Square P-ratio^ 
Replicates 3 2349.48 13.93** 
Treatments 4 181.84 1.07 ns 
Error 12 168.57 
^ns = nonsignificant; ** significant at the 1 percent 
level of probability. 
Table 31. Yield of a double cross com hybrid under insect 
infestations. Ankeny, Iowa, 1967 
Treatment Replicates 
II III IV Mean 
Untreated 94. 2 
Bushels/acre 
87.2 46.1 
o
 
(M 
6 62.0 
Xicâf hoppers 116. A 67.1 75.7 50. 7 77.6 
Aphids^ 88. 7 77.8 58.3 69. 5 73.6 
European corn borers^ 97. 7 83.8 58.8 62. 6 75.7 
Rootworm beetles^ 110. 6 80.1 61.6 63. 1 78.9 
Treated with Sevin to regulate leafhopper populations. 
^Treated with Meta Systox to regulate aphid populations. 
^Treated with Bacillus thuringiensis to regulate corn 
borer populations. 
^Treated with Sevin to regulate rootworm beetle popula­
tions. Applications were made late in the season; leafhopper 
populations should not be effected. 
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Variation within the replicates is illustrated by the follow­
ing; The number of bushels of corn in the untreated plots 
ranged from 94.2 to 20.6 bushels/acre. The lower yields in 
replicates III and IV were caused by wet conditions that 
existed in certain areas of the field. 
A comparison of the numerical trends shows that all 
treated plots produced more corn than did the untreated plots. 
Although caution should be applied when comparing these trends, 
the data suggest yield differences occurred as a result of 
insect infestations. 
Rainfall, 1968 
Average daily rainfall accumulations during May, June, 
July, and August are presented in Table 32. Moisture condi­
tions in May were relatively dry; however, in June and July 
rainfall of approximately one inch was recorded for June 11; 
June 14, June 26, July 7, and July 17. This amount of rainfall 
was sufficient to prevent operation of spray equipment. 
Single Cross Com Hybrid, 1968 
Leafhoppers 
The mean numbers of leafhoppers/10 plants in the untreated 
and in the plots treated for leafhoppers are presented in 
Figure 9. The first leafhoppers were recorded on June 5 in 
the untreated and treated plots. In the untreated plots, the 
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Table 32. Average daily rainfall accumulations. Ankeny, 
Iowa, 1968®^ 
Month 
Date May June July August 
1 0.30 
2 
3 
4 T 
5 0.49 
6 
7 T 1.70 0.23 
8 0.44 0.44 
9 T 0.22 0.47 
10 T 
11 1.16 
12 
13 0.15 
14 0.85 
15 T 
16 T 0.30 
17 T 0.01 1.19 
18 T 0.42 0.01 
19 0.12 0.07 
20 
21 
22 
23 0.08 
24 n m n KT 
25 T O!20 T 0.06 
26 0.42 0.77 
27 T 0.04 0.01 0.74 
28 
29 0.20 0.06 
30 0.57 T 0.08 
31 0.39 0.30 
'^Recorded at the United States Department of Agriculture, 
European Com Borer Laboratory Weather Station. 
Figure 9. Mean numbers of leafhoppers/10 plants in un­
treated plots and in plots treated for leaf-
hoppers/sample date. Ankeny, Iowa, 1968 
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maximum number of leafhoppers occurred on August 8. Apparently, 
environmental factors other than rainfall caused the sudden 
decline in the leafhopper population on July 3. 
Leafhopper populations exceeded the threshold level of 
one leafhopper/plant on June 10, June 24, July 1, July 8, and 
July 11. Insecticides were applied on June 10, June 24, July 
1, and July 12. Although the population estimates exceeded 
the treatment threshold on July 8, wet field conditions delayed 
insecticide application until July 12. In general, the popula­
tion levels in the treated plots were lower than those in the 
untreated plots; fluctuations in both plots, however, were 
similar. 
The analysis of variance of leafhopper populations is 
presented in Table 33. There were no significant differences 
in the treatments. The date and treatment X date interaction 
were significant at the one percent level of probability. The 
means for these data are presented in Table 34. The overall 
means for the treatments show that fewer leafhoppers were 
observed in the plots treated for leafhoppers then in the un­
treated plots. The expected leafhopper population development 
was indicated by the significant date effect. The cause of 
the significant treatment X date interaction is not clear. 
Corn leaf aphids 
The first corn leaf aphids were observed on May 31 in the 
untreated plots (Figure 10). No aphids were found between 
82 
Table 33. Analysis of variance (for data recorded in Table 34) 
of leafhopper populations. Single cross corn 
hybrid. Ankeny, Iowa, 1968 
Source D.F. Mean Square F-ratio^ 
Replicates 1 13.92 0.421 ns 
Treatments 4 158.89 4.804 ns 
Error A 4 33.07 
Dates 24 1134.74 125.522** 
Treatment X date 96 22.35 2.473** 
Error B 120 9.04 
^ns = nonsignificant; ** significant at the 1 percent 
level of probability. 
June 13 and June 24. Individual aphids were not counted after 
July 3. At this time 54.3 aphids/10 plants were observed in 
the untreated plots and 17.0 aphids/10 plants in the treated 
plots. Insecticides were applied for aphid control on July 1. 
The analysis of variance for the individual aphid counts 
is presented in Table 35 and the means for these data are 
presented in Table 36. The treatment effect was significant 
at the five percent level of probcibility. The date and 
treatment X date interaction were significant at the one per­
cent level of probability. There was a significant difference 
between the untreated plots and the plots treated for aphids 
(Table 36). There were no differences between the leafhopper. 
May 
31 
Jun 
5 
10 
13 
17 
20 
24 
27 
Jul; 
1 
3 
8 
11 
15 
18 
22 
25 
29 
Mean number of leaf hoppers/sample date on ci single cross corn hybrid. 
Ankeny, Iowa, 1968 
Untreated 
Treatments (mean number/10 plants) 
Leaf hopper*^ Aphid Corn 
borer 
Rootworm 
beetle^ 
Mean 
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
8.5 
14.0 
6.0 
4.5 
11.0 
31.0 
31.5 
H.5 
13.0 
I.5 
3.5 
].:i . 0 
27.5 
W.5 
8 . 0  
12.5 
5.5 
3.0 
9.5 
33.5 
2 6 . 0  
0 . 0  
12.0 
4.5 
2.5 
8.5 
28.5 
21.5 
6.5 
13.0 
6.0 
2.0 
6.5 
2 8 . 0  
2 8 . 0  
6.3 
12.9 
4.7 
3.1 
9.3 
29.7 
23.1 
38.0 
21.5 
11 .0  
34.5 
23.0 
19.5 
13.5 
6.5 
5.5 
:t7.5 
9.0 
23.5 
19.5 
4.5 
9.5 
9.5 
6.5 
4.0 
41.5 
12.5 
28.5 
2 8 . 0  
18.5 
17.0 
11.0 
6 . 0  
4.5 
43.0 
27.0 
2 8 . 0  
15.5 
16.0 
15.5 
13.0 
6.5 
5.5 
37.0 
14.0 
31.0 
27.5 
19.5 
16.0 
13.0 
6.5 
1.0 
39.4 
16.8 
30.4 
25.0 
16.3 
15.5 
12.0 
6.4 
4.1 
August 
1 5.5 1.0 3.5 6.0 3.5 3.9 
5 3.5 3.0 4.0 3.0 2.0 3.1 
8 3.0 2.5 4.5 4.0 4.0 3.6 
12 3.5 2.5 3.0 3.0 3.5 3.1 
16 2.5 2.5 4.5 1.0 2.0 2.5 
19 2.0 1.5 3.0 2.0 2.0 2.1 
22 1.5 1. 5 0.5 0.5 2.5 1.3 
28 4.0 0.0 3.0 0.5 1.5 1.8 
Mean 13.4 0.5 11.7 10.7 11.6 
LSD .05 Between treatment means over all dates = 3.19 
^Treated with Sevin to regulate leafhopper populations. 
^Treated with Meta Systox to regulate aphid populations. 
^Treated with Bacillus thuiingiensis to regulate corn borer populations. 
^Treated with Sevin to regulate rootworm beetle populations. Applications 
were made late in the season; leafhopper populations should not be effected. 
Figure 10. Mean numbers of corn leaf aphids in untreated 
plots and in plots treated for com leaf 
aphids/sample date. Ankeny, Iowa, 1968 
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Table 35. Analysis of variance (for data recorded in Table 36) 
of individual aphid counts. Double cross corn 
hybrid. Ankeny, Iowa, 1968 
Source D.F. Mean Square F-ratio" 
Replicates 1 148.84 14.500 ns 
Treatments 4 102.47 9.982* 
Error A 4 10.26 
Dates S 635.22 15.818** 
Treatment X date 36 91.91 2.289** 
Error B 45 40.16 
ns = nonsignificant; * significant at the 5 percent 
level of probability; ** significant at the 1 percent level of 
probability. 
aphid, and com borer plots. This difference can not be 
explained,- as the com borer plots were treated with B. 
thuringiensis which is not effective on aphids; therefore, the 
corn borer plots and the untreated plots should have had 
similar aphid populations. 
The mean numbers of com leaf aphid colonies in the un­
treated plots and in the plots treated for corn leaf aphids 
are presented in Figure 11. The first light aphid colonies 
were observed on July 1. On July 8, 15.5 light aphid colonies/ 
10 plants were observed in the untreated plots. Although the 
number of aphid colonies fluctuated, they remained above this 
Table 36. Mean nvimber of aphids on a single cross corn hybrid/sample date, Ankeny, 
Iowa, 3.968 
Tireatments (mean number/10 plants) 
utiT-e 
Untreated Leafhopper^ Aphid^ Corn 
borer 
Rootworm 
beetled 
Mean 
May 31 0.5 o
 
O
 
0.0 0.0 0.0 0.1 
June 5 0.5 0.0 0.0 1.0 1.0 0.5 
10 3.0 0.0 0.0 1.5 0.0 0.9 
13 0.0 0.0 0.0 0.0 0.0 0. 0 
17 0.0 0.0 0.0 0.0 0.0 0.0 
20 0.0 0.5 0.0 0.0 0.0 0.1 
24 0.0 0.0 0.0 0.0 0.5 0.1 
27 0.0 0.0 8.5 0.0 2.0 2.1 
July 1 17.5 £>..5 11.5 13.0 30.0 16.3 
3 54.5 17.0 2.0 16.5 20.0 22.0 
Mean 7.6 2 .7 2.2 3.2 5.4 
LSD .05 Between treatment means over all dates = 2.81 
^Treated with Sevin to regulate leafhopper populations. 
^Treated with Meta Systox to regulate aphid populations. 
"^Treated with Bacillus thuri.ngiensis to regulate corn borer populations. 
*^Treated with Sevin to regulate rootworm beetle populations. Applications 
were made late in the season? leafhopper populations should not be effected. 
Figure 11. Mean numbers of light corn leaf aphid colonies/ 
10 plants in untreated plots and in plots 
treated for com leaf aphids/sample date. 
Colony rating (aphids/plant) light 0-100. 
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point throughout the sampling period. On July 18, the light 
aphid colonies exceeded the threshold level of one light 
aphid colony/plant in the treated plots. Meta Systox was 
applied to the aphid plots at this time. 
The analysis of variance for the light aphid colonies is 
presented in Table 37 and the means for these data are pre­
sented in Table 38. The treatment, date, and treatment X 
date interaction were highly significant. The overall treat­
ment means show there were significantly fewer numbers of 
aphid colonies in the aphid treated plots than in the other 
plots. There were no differences between the leafhopper, com 
borer, rootworm beetle, and the untreated plots. 
Rootwonn beetles 
The mean numbers of rootworm beetles in the untreated 
plots and the rootworm beetle plots are presented in Figure 12. 
Beetles were observed in the untreated plots on June 20 and 
July 3. These beetles were southern com rootworm beetles. 
The first western com rootworm beetles were found on July 15. 
The peak population of beetles were observed in the untreated 
plots on August 16. In anticipation of the beetles exceeding 
the threshold level of one beetle/plant, Sevin was applied on 
July 25 and August 16. 
The analysis of variance of the rootworm beetle popula­
tions is presented in Table 39 and the means for these data 
are presented in Table 40. The treatment, date, and treatment 
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Table 37. Analysis of variance (for data recorded in Table 38) 
of light aphid colonies. Single cross corn hybrid. 
Ankeny, Iowa, 1968^ 
Source D.F. Mesin Square F-ratio° 
Replicates 1 1 o
 
o
 
o
 
-0.000 ns 
Treatments 4 995.55 554.898** 
Error A 4 1.79 
Dates 17 155.25 43.137** 
Treatment X date 68 13.62 3.783** 
Error B 85 3.60 
^Colony rating (aphids/plant) - light 0-100. 
^ns = nonsignificant; ** significant at the 1 percent 
level of probability. 
X date interaction effects were significant at the one percent 
level of probability. 
The treatment means show there were significantly fewer 
beetles in the rootworm beetle plots as compared to the other 
plots (Table 40). The significant treatment X date inter­
action effect is illustrated by a comparison of the means on 
August 8; rootworm beetle populations were relatively high in 
all treatments other than the rootworm beetle plots at this 
time. 
Table 30. Mean number of light aphid colonies/sample date on a single cross corn 
hybrid. Ankeny, Iowa, 1968* 
Treatments (mean number/10 plants) 
Date 
Untreated Leafhopper^ Aphid® Corn , Rootworm Mean 
borer beetle® 
June 27 0.0 0.0 0.0 0.0 0.0 0.0 
July 1 7.5 !).0 3.0 4.5 2.0 4.4 
3 9.0 4.0 1.5 3.5 3.5 4.3 
8 15.5 13.0 4.0 12.0 13.5 11.6 
11 18.0 20.0 0.0 20.0 20.0 15.6 
15 17.0 1IÎ.5 7.5 17.5 18.0 15.7 
18 19.0 16.5 13.0 16.5 19.0 16.8 
22 20.0 20.0 10.0 20.0 19.5 17.9 
25 19.0 12.0 4.5 18.5 19.5 14.7 
29 20.0 19.0 8.0 18.5 20.0 17.1 
August 1 19.5 19.0 5.5 19.0 19.5 16.5 
5 20.0 19.0 4.0 20.0 17.0 16.0 
8 16.5 20.0 3.5 19.5 19.0 15.7 
12 19.5 20.0 3.5 19.5 20.0 16.5 
16 18.5 13.0 6.5 20.0 19.0 16.4 
19 20.0 19.5 5.5 17.0 19.5 16.2 
22 19.0 20.0 2.5 18.0 19.5 15.8 
28 18.5 20.0 0.0 19.0 18.5 15.2 
Mean 16.4 13.8 4.6 15.7 15.9 
LSD .05 Between treatment means "over alT dates = 0.87 
^Colony rating (aphids/plant) - light 0-100, medium 101-200, heavy 201 + 
(medium and heavy colonies were not observed). 
^Treated with Sevin to regulate leafhopper populations. 
^Treated with Meta Systox to regulate aphid populations. 
*^Treated with Bacillus thuringiensis to regulate corn borer populations. 
^Treated with Sevin to regulate rootworm beetle populations. Applications 
were made late in the season; leafhopper populations should not be effected. 
Figure 12. Mean numbers of rootworm beetles/10 plants in 
untreated plots and in plots treated for root 
worm beetles/sample date. Ankeny, Iowa, 1968 
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Table 39. Analysis of variance (for data recorded in Table 40) 
of rootworm beetle populations. Single cross com 
hybrid. Ankeny, Iowa, 1968 
Source D.F. Mean Square F-ratio^ 
Replicates 1 2.92 0.504 ns 
Treatments 4 185.77 32.106** 
Error A 4 5.79 
Dates 24 356.24 45.982** 
Treatment X date 96 20.77 2.681** 
Error B 120 7.75 
^ns = nonsignificant; ** significant at the 1 percent 
level of probability. 
European corn borers 
B. thuringiensis was applied on June 20 and June 28. The 
analysis of variance for com borer cavities is presented in 
Table 41 and the means for these data are presented in Table 
42. None of the treatments were significant. Mean number of 
cavities/10 plants ranged from 0.0 to 2.0 (Table 42); the 
population levels were apparently too low to detect difference 
among treatments. 
Extended leaf heights 
Extended leaf heights of 10 random plants/plot were used 
to detect damage caused by infestations of insects on young 
May 
31 
Juni 
5 
10 
13 
17 
20 
24 
27 
Jul; 
1 
3 
8 
11 
15 
18 
22 
25 
29 
Mean number of rootworm beetles/sample date on a single cross corn hybrid, 
Ankeny, Iowa, 1968 
Treatments (mean number/10 plants) 
Untreated Leafhopper^ Aphid^ Corn Rootworm Mean 
borer beetle^ 
0 . 0  0 , 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
(1.0 0.5 0.0 
0 . 0  0 . 0  0 . 0  
0.0 0.5 0.5 
0.5 0.0 0.0 
0 . 0  0 . , 0  0 . 0  
0 . 0  0 . . 0  0 . 0  
0 . 0  0 . .  0  0 . 0  
0.0 Ci0 0.0 
0.0 0.5 0.0 
0 . 0  0 . 0  0 . 0  
;l . 0 (1,0 0.0 
1.5 0.0 0.5 
;>.5 2.5 1.5 
10.5 (i.5 8.5 
10.5 (i.5 8.5 
0 . 0  0 . 0  0 . 0  
0.5 0.0 0.2 
0.5 0.0 0.1 
0 . 0  0 . 0  0 . 2  
0.0 0.0 0.1 
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0.0 0.5 0.1 
0.0 0.0 0.1 
0 . 0  0 . 0  0 . 0  
1.0 0.0 0.4 
0.5 1.0 0.7 
2.5 1.5 2.1 
8.0 8.5 8.4 
12.0 0.0 7.5 
August 
1 17.5 13 .0 9.5 10.0 1.0 9.8 
5 11.5 11 .,5 9.0 10.5 1.5 8.8 
8 11.5 12.,0 9.0 11.0 0.0 8.7 
12 14.5 17., 5 14.5 11.5 5.5 12.7 
16 25.5 ie.,5 24.5 15.5 7.5 17.9 
19 23.0 22;.. 5 18.0 35.0 2.0 18.4 
22 13.0 16.0 8.5 15.5 3.5 11.7 
28 12.0 9.0 11.0 11.0 1.0 8.8 
Mean (>.2 îi,.4 4.9 5.8 1.3 
LSD .05 Between treatment means over all dates = 1.33 
^Treated with Sevin to regulate leafhopper populations. 
^Treated with Meta Systox to regulate aphid populations. 
*^Treated with Bacillus thuri.ngiensis to regulate corn borer populations. 
^Treated with Sevin to regulate rootworm beetle populations. Applications 
were made late in the season; leafhopper populations should not be effected. 
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Table 41. Analysis of variance (for data recorded in Table 42) 
of com borer cavities. Single cross hybrid, 
1968 
Source D.F. Mean Square F-ratio^ 
Replicates 1 1.60 0.561 ns 
Treatments 4 1.15 0.404 ns 
Error 4 2.85 
^ns = nonsignificant. 
Table 42. Mean number of corn 
cross corn hybrid. 
borer cavities in a single 
Ankeny, Iowa, 1968 
Treatment Mean number/10 plants 
Untreated 2.0 
Leafhopper^ 1.0 
Aphid^ 1.5 
Corn borer^ 0.0 
Rootworm beetle^ 1.5 
^Treated with Sevin to regulate leafhopper populations. 
^Treated with Meta Systox to regulate aphid populations. 
'"Treated with Bacillus thuringiensis to regulate corn 
borer populations. 
^Treated with Sevin to regulate rootworm beetle popula­
tions. Applications were made late in the season; leafhopper 
populations should not be effected. 
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corn plants. The analysis of variance for the extended leaf 
heights is presented in Table 43 and the means for these data 
are presented in Table 44. There were no significant dif­
ference between the treatments or the treatment X date inter­
action. Examination of the treatment means in Table 44 shows 
no numerical difference between the treatments. 
Yields 
The analysis of variance for the yield differences among 
the treated plots is presented in Table 45 and the means for 
these data are presented in Table 46. There were no signifi-
cemt differences nor trends among the treatments. Mean yields 
ranged from 100.0 to 108.7 bushels/acre in the corn borer 
plots and untreated plots, respectively. 
Double Cross Corn Hybrid, 1968 
Leafhoppers 
The mean numbers of leafhoppers in the untreated and 
treated plots are presented in Figure 13. The leafhopper 
populations in the single cross and double cross hybrids were 
similar (Figures 9 and 13). The rapid decline in leafhopper 
populations in the untreated plots on June 27 occurred in both 
hybrids but there was a similar occurrence in the double cross 
hybrid on July 3. This rapid decline is unexplainable from 
the rainfall data and must be contributed to other environ­
mental factors. 
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Table 43. Analysis of variance (for data recorded in Table 44) 
of extended leaf heights. Single cross corn hybrid. 
Ankeny, Iowa, 1968 
Source D.F. Mean Square F-ratio^ 
Replicates 1 0.38 0.043 ns 
Treatments 4 16.70 1.869 ns 
Error A 4 8.94 
Dates 10 4340.49 1371.391** 
Treatment X date 40 3.02 0.954 ns 
Error B 50 3.17 
^ns = nonsignificant; ** significant at the 1 percent 
level of probability. 
The first leafhoppers were observed in the double cross 
hybrid on June 5. Leafhopper populations peaked on July 1 
and only a few leafhoppers were present throughout the month 
of August. Leafhopper populations exceeded the treatment 
threshold of one leaf hopper/plant on June 10, June 20, Jîine 
24, July 1, July 8, July 11, July 18, and July 22. Sevin was 
applied on June 10, June 20, June 24, July 1, July 12, and 
July 22. Rainfall and wet field conditions delayed the 
insecticide applications on two of the dates in which the 
threshold treatment level was exceeded (June 8 and June 18). 
In general, the leafhopper populations in the treated plots 
were lower than those in the untreated plots. 
Table 44. Effect of leafhoppers, aphids, corn borers, and rootworm beetles on the 
extended leaf height of: a single cross corn hybrid. Ankeny, Iowa, 1968 
Treatments (mean extended leaf height (inches)/I0 plants) WC& uc 
Untreated Leafhopper^ Aphid^ Corn 
borer 
Rootworm 
beetled 
Mean 
May 31 11.8 10. 8 12.7 9.8 12.0 11.4 
June 5 19.0 19.1 18.9 17.4 18. 8 18.6 
10 22.4 23. 0 24.0 23.0 22.5 23.0 
13 24.8 25.8 26.0 22. 8 23.9 24.7 
17 32.7 33. 7 32.8 30.9 32.1 32.4 
20 3(1.8 42.1 40.7 38.0 37.6 39.4 
24 49.6 52. 0 51.9 52.0 49.3 51.0 
27 5(1.4 56.7 56.5 54.0 54.8 56.1 
July 1 64.7 64. 3 61.6 59.7 62.6 62.6 
3 6H.3 64 . 2 62.8 64.0 62.5 64.4 
8 72.5 72.. 0 72.5 71.1 71.9 72.0 
Mean 42.1 42.. 2 41.9 40.2 40.7 
b, 
Treated with Savin to regulate leafhopper populations. 
Treated with Meta Systox to regulate aphid populations. 
^Treated with Bacillus thuri.ngiensis to regulate corn borer populations. 
^Treated with Sevin to regulate rootworm beetle populations. Applications 
were made late in the season; leêifhopper populations should not be effected. 
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Table 45. Analysis of variance (for data recorded in Table 46) 
of yield. Single cross com hybrid. Ankeny, Iowa, 
1968 
Source D.F. Mean Square F-ratio^ 
Replicates 3 65.59 0.58 ns 
Treatments 4 47.13 0.42 ns 
Error 12 111.97 
^ns = nonsignificant. 
Table 46. Yield of a single cross corn hybrid under insect 
infestations. Ankeny, Iowa, 1968 
Treatments Replicate 
I II III IV Mean 
Untreated 106. 5 
Bushels 
105.3 
per acre 
101.3 121.7 108.7 
Leafhoppers^ 111. 9 104.8 100.8 95.1 103.2 
K 
94. 2 103. 5 95.1 110.- 0 100,7 
European com borer^ 109. 4 114.1 101.3 75.2 100.0 
Rootworm beetles^ 111. 3 102.9 99.8 101.4 103.9 
^Treated with Sevin to regulate leafhopper populations. 
^Treated with Meta Systox to regulate aphid populations. 
^Treated with Bacillus thuringiensis to regulate corn 
borer populations. 
^Treated with Sevin to regulate rootworm beetle popula­
tions. Applications were made late in the season; leafhopper 
populations should not be effected. 
Figure 13. Mean numbers of leafhoppers/10 plants in un­
treated plots and in plots treated for leaf-
hoppers/sample date. Ankeny, Iowa, 1968 
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The analysis of variance for the leafhopper populations 
is presented in Table 47 and the means of these data are pre­
sented in Table 48. The treatment, date, and treatment X date 
interaction effects were highly significant. Treatment means 
in Table 48 show that fewer leafhoppers were present in the 
plots that were treated for leafhoppers than in the untreated 
plots. There were no differences in the numbers of leaf­
hoppers in the aphid, corn borer, rootworm, and untreated 
plots. The significant date effect reflects the expected 
leafhopper population change as the growing season progressed. 
The significant treatment X date interaction indicates that 
within a particular date all treatments did not respond the 
same. 
Table 47. Analysis of variance (for data recorded in Table 48) 
of leafhopper populations. Double cross corn hybrid. 
hybrid. Ankeny, Iowa, 1968 
Source D.F. Mean Square F-ratio~ 
Replicates 1 21.90 1.304 ns 
Treatments 4 296.73 17.669** 
Error A 4 16.79 
Dates 24 1576.39 162.946** 
Treatment X date 96 33.46 3.459** 
Error B 120 9.67 
^ns = nonsignificant; ** significant at the 1 percent 
level of probability. 
Dat 
May 
31 
Jun 
5 
10 
13 
17 
20 
24 
27 
Jul 
1 
3 
8 
11 
15 
18 
22 
25 
29 
Mean number of leafhojypers/sample date on a double cross corn hybrid. 
Ankeny, Iowa, 1960 
Untreated 
Treatments (mean number/10 plants) 
Leafliopper Aphid Corn 
borer 
Rootworm 
beetled 
Mean 
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
7.5 
15.5 
9.0 
6 . 0  
15.0 
37.0 
26.0 
7.0 
22.5 
2.5 
3.5 
14.0 
33.0 
IÎ.5 
5.5 
11.5 
8 . 0  
4.5 
15.5 
35.5 
25.0 
6.0 
16.5 
8.5 
5.0 
15.0 
41.0 
2 6 . 0  
10.0 
2 0 . 0  
6.5 
6 . 0  
11.5 
36.5 
2 2 . 0  
7.2 
17.4 
6.9 
5.0 
14.2 
36.6 
21.5 
42.5 
27.0 
42.5 
37.5 
27.0 
24.0 
17.0 
11.5 
5.5 
25.5 
9.5 
23.0 
13.0 
(v. 5 
1 0 . 0  
1 2 . 0  
7.0 
4.5 
39.0 
17.5 
34.5 
34.0 
28.5 
26.5 
19.0 
9.5 
7.5 
37.5 
34.5 
39.5 
37.0 
33.5 
22.5 
17.5 
10.0 
7.5 
35.0 
33.5 
40.0 
37.0 
33.0 
30.0 
14.0 
10.0 
1.5 
35.9 
24.4 
35.9 
32.7 
25.7 
24.2 
15.9 
9.6 
5.3 
August 
1 5.5 S.,0 6.5 4.5 3.0 4.9 
5 3.5 3„0 4.5 3.0 1.5 3.1 
8 4.0 0,.5 1.5 1.5 1.5 1.8 
12 4.5 2.0 3.0 2.5 3.0 3.0 
16 2 . 5  i:,.5 4.5 2.0 4.5 3.2 
19 1.0 1,.5 3.0 2.5 1.0 1.8 
22 1.5 1,.5 0.5 0.5 1.0 1.0 
28 1.0 (1.0 1.5 0.0 1.5 0. 8 
Mean 15.0 î».2 13.9 15.0 14.5 
LSD .05 Between treatment means over all dates = 2.27 
^Treated with Sevin to regulate leafhopper populations. 
^Treated with Meta Systox to regulate aphid populations. 
'^Treated with Bacillus thuringiensis to regulate corn borer populations. 
^Treated with Sevin to regulate rootworm beetle populations. Applications 
were made late in the season? leafhopper populations should not be effected. 
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Corn leaf aphids 
The mean number of aphids/10 plants in the untreated 
plots and in the aphid plots is presented in Figure 14. The 
first aphids were found on June 5 in the untreated plots. On 
July 1 the aphid population had increased to 12.5 aphids/10 
plants in the untreated plots and to 18.0 aphids/10 plants in 
the aphid plots. Meta Systox was applied to the aphid plots 
at this time. On July 3 the aphid population had declined to 
6.5 aphids/10 plants in the untreated plots and 3,5 aphids/10 
plants in the aphid plots. 
The analysis of variance for the aphid populations is 
presented in Table 49 and the means are presented in Table 50. 
There were no significant differences between the treatments. 
As expected the date effect was highly significant. The 
treatment X date interaction was significant at the five per­
cent level of probability. Ths data in Table 50 shov that 
aphid populations were low in all treatments. 
On June 27,- ten consecutive plants were examined for 
aphids in each plot and the aphid colonies were rated as 
either light, medium, or heavy. The mean number of light 
aphid colonies found in the untreated plots and the aphid 
plots is presented in Figure 15. These data show that peak 
population levels in the untreated plots were observed on 
July 11 (19.5 light aphid colonies/10 plants) and remiained 
relatively high throughout the season. In the aphid plots. 
Figure 14. Mean numbers of com leaf aphids in untreated 
plots and in plots treated for corn leaf 
aphids/sample date. Ankeny, Iowa, 1968 
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Table 49. Analysis of variance (for data recorded in Table 50) 
of individual aphid counts. Double cross corn 
hybrid. Ankeny, Iowa, 1968 
Source D.P. Mean Square F-ratio^  
Replicates 1 198.27 1.014 ns 
Treatments 4 414.83 2.122 ns 
Error A 4 195.53 
Dates 9 1967.73 12.071** 
Treatment X date 36 243.44 1.493* 
Error B 45 163.01 
ns = nonsignificant; * significant at the 5 percent 
level of probability; ** significant at the 1 percent level of 
probability. 
aphid populations exceeded the threshold level of one light 
aphid colony/plant only on July 15 and August 1: Meta Systox 
was applied to these plots on these dates. 
The analysis of variance for the light aphid colonies is 
presented in Table 51 and the means of these data are pre­
sented in Table 52. The treatment, date, and treatment X 
date interaction were significant at the one percent level of 
probcibility. The treatment means recorded in Table 52 show 
that the insecticide applications were effective in regulating 
aphid populations in the aphid plots. Applications of Sevin 
in the leafhopper and rootworm beetle plots and applications 
Tàble 50. Mean number of aphids/sample 
Iowa, 1968 
date on a double cross corn hybrid. Ankeny 
Date Treatments (mean number/10 plants) 
Untreated Leafhopper^  Aphid^  Corn 
borer 
Rootworm 
beetled 
Mean 
May 31 0.0 0.0 0.0 0,0 0.0 0.0 
June 5 
10 
13 
17 
20 
24 
27 
0.5 
0.5 
0.0 
1.5 
0.0 
5.5 
4.0 
0.5 
3.0 
0.0 
0.0 
0.5 
0.0 
0.5 
0.0 
1.0 
0.0 
0.5 
0.0 
0.0 
0.0 
0.5 
1.0 
0.0 
0.0 
1.0 
0.0 
4.0 
0.5 
0.5 
0.0 
0.0 
0.0 
1.0 
0.5 
0.4 
1.2 
0.0 
0.4 
0. 3 
1.3 
1.8 
July 1 
3 
12.5 
6.5 
7.0 
23.0 
18.0 
3.5 
22.0 
24.0 
13.5 
22.0 
14.6 
15.8 
Mean 3.1 3.5 2.3 5.3 3.8 
a Treated with Sevin to regulate leafhopper populations. 
^Treated with Meta Systox to regulate aphid populations. 
^Treated with Bacillus thuringiensis to regulate corn borer populations. 
*^Treated with Sevin to regulate rootworm beetle populations. Applications 
were made late in the season; leafhopper populations should not be effected. 
Figure 15. Mean numbers of light corn leaf aphid colonies/ 
10 plants in untreated plots and in plots 
treated for com leaf aphids/sample date. 
Colony rating (aphids/plant) light 0-100. 
Ankeny, Iowa, 1968 
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Table 51. 
Source 
Analysis of variance (for data recorded in Table 52) 
of light aphid colonies. Double cross corn hybrid. 
Ankeny, Iowa, 1968& 
D.F. Mean Square F-ratio 
Replicates 
Treatments 
Error A 
Dates 
Treatment X date 
Error B 
1 
4 
4 
17 
68 
85 
6.02 
1000.49 
4.61 
195.72 
16.88 
4.58 
1.306 ns 
216.944** 
42.718** 
3.683** 
Colony rating (aphids/plant) light 0-100. 
ns = nonsignificant; ** significant at the 1 percent 
level of probability. 
of B. thuringiensis in the corn borer plots did not effect 
aphid populations in these plots. 
There were no medium or heavy aphid colonies in the 
plots. 
Rootworm beetles 
The mean numbers of rootworm beetles/10 plants in the 
untreated and in the rootworm plots are presented in Figure 16. 
The first western com rootworm beetles were observed on July 
15. In the untreated plots, the peak number of beetles was 
observed on August 5 and in the rootworm beetle plots, the 
Table 52. Mean niimber of light aphid colonies/sample date on a double cross corn 
hybrid,, Ankeny^  Iowa, 1968& 
Treatments (mean number/10 plants) UCk. uc 
Untreated Leafhopper^  Aphid^  Corn 
borer 
Rootworm 
beetle® 
Mean 
June 27 0.0 0.0 o
 
o
 
o
 
o
 o
 
o
 0.0 
July 1 5.5 2.0 3.5 3.5 2.5 3.4 
3 2.5 1,0 2.0 3.0 1.5 2.0 
8 10.0 £t.O 4.0 11.0 16.0 10.0 
11 19.5 1«>.0 2.0 20.0 20.0 16.1 
15 20.0 17.0 11.0 17.5 15.0 16.1 
18 1(5.0 1(1.0 7.0 17.0 18.5 15.3 
22 20.0 1(1.0 4.0 20.0 18.5 16.1 
25 19.5 20.0 2.5 20.0 19.0 16.2 
29 19.0 20.0 2.5 19.5 19.0 16.0 
August 1 113.5 20.0 10.5 18.0 17.5 16.9 
5 20.0 1{).0 4.0 18.5 19.0 16.1 
8 13.5 17.0 3.0 16.5 18.0 14.6 
12 17.5 lî).5 5.5 19.0 16,0 15.5 
16 17.0 17.5 2.0 18.5 16.5 14.3 
19 20.0 1Î).0 2.0 17.5 19.0 15.5 
22 19.0 l!i.5 1.0 20.0 17.0 14.5 
28 20.0 20.0 2.0 15.5 15.5 14.6 
Mean 15.7 15.1 4.0 15.2 14.9 
LSD .05 Between treatment means over all dates = 1.40 
rrrr—r 
C^olony rating (aphids/planU) -r light 0-100, medium 101-200, heavy 201 + 
(medium and heavy colonies were not observed). 
T^reated with Sevin to regulate leafhopper populations. 
T^reated with Meta Systox to regulate aphid populations. 
T^reated with Bacillus thuringiensis to regulate corn borer populations. 
T^reated with Sevin to regulate rootworm beetle populations. Applications 
were made late in the season; leafhopper populations should not be effected. 
Figure 16. Mean numbers of rootworm beetles/10 plants in 
untreated plots and in plots treated for root 
worm beetles/sample date. Ankeny, Iowa, 1968 
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peak number of beetles was observed on July 25 and August 12. 
Excessive rainfall on August 8 may have caused the decline in 
beetle populations in the untreated plots. The rootworm 
beetle plots were treated with Sevin on July 25 and August 12. 
These two applications were sufficient to keep the beetle 
populations from increasing above the threshold level of one 
beetle/plant. 
The treatment, date, and treatment X date interaction 
were significant at the one percent level of probability (Table 
53). Examination of the treatment means shows that the number 
of rootworm beetles was significantly lower in the rootworm 
beetle plots than in the untreated plots (Table 54). 
Table 53. Analysis of variance {for data recorded in Table 54) 
of rootworm beetle populations. Double cross corn 
hybrid. Ankeny, Iowa, 1968 
Source D.F. Mean Square F-•ratio^  
Replicates 1 1. 60 4. 571* 
Treatments 4 317. 97 908. 497** 
Error A 4 0. 35 
Dates 24 366. 97 57. 791** 
Treatment X date 96 37. 30 5, .874** 
Error B 120 6, .35 . , 
significant at the 5 percent level of probability; 
••significant at the 1 percent level of probability. 
Table 54. Mean number of rootworm beetles/sample date on a douille cross com hybrid. 
Ankeny, Iowa, 196 8 
Treatments (mean number/10 plants) 
Date 
Untreated Leafhopper^  Aphid^  Corn 
borer 
Rootworm 
beetle^  
Mean 
May 31 0.0 
O
 
1 
•
 
o
 
o
 
o
 o
 
o
 
o
 
o
 o
 
o
 
June 5 0.0 0.0 0.0 0.0 0.0 0.0 
10 0.0 0.0 0.0 0.0 0.0 0.0 
13 0.5 0.0 0.5 0.0 0.0 0.2 
17 1.0 0.0 0.0 0.0 0.0 0.2 
20 0.0 0.0 0.5 0.0 0.5 0.2 
24 0.0 0.0 0.0 0.0 0.0 0.0 
27 0.0 0.0 0.0 0.0 0.5 0.1 
July 1 0.0 0.0 0.0 0.0 0.0 0.0 
3 0.0 0.0 0.5 0.0 0.0 0.1 
8 0.0 0.0 0.0 0.0 0.0 0. 0 
11 0.0 0.0 0.0 0.0 0.0 0.0 
15 2.0 0.5 1.0 0.0 1.0 0.9 
18 4.5 3.0 0.5 1.0 3.5 2.5 
22 5.0 4.0 2.0 3.0 1.5 3.1 
25 12.0 12.0 7.5 17.0 10.0 11.7 
29 21.0 10. 0 17.0 13.5 0.0 12.3 
August 1 24.5 13.0 16.5 21.5 1.0 15.3 
5 31.0 10.0 10.5 14.5 3.5 13.9 
8 12.0 2.5 8.0 7.5 2.5 6.5 
12 17.0 14.5 11.0 9.0 10.0 12.3 
16 25.5 16.5 5.5 18.0 1.0 13.3 
19 2-1.0 17.0 6.5 29.5 2.0 15.6 
22 13.0 18. 5 7.0 16.5 0.0 11.0 
28 12.0 9.0 6.0 10.0 0.0 7.4 
Mean 8.2 5.2 4.0 6.4 1.5 
LSD .05 Between treatment means over all dates = 0.32 
T^reated with Sevin to regulate leafhopper populations. 
"^Treated with Meta Systox to regulate aphid populations. 
'^ Treated with Bacillus thuringiensis to regulate corn borer populations. 
T^reated with Sevin to regulate rootworm beetle populations. Applications 
were made late in the season; leafhopper populations should not be effected. 
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European corn borers 
B. thuringiensis was applied on June 20 and June 28 in 
the com borer plots. Although the analysis of variance in 
Table 55 shows significant differences between treatments, the 
data in Table 56 show extremely low cavity counts. Mean 
number of cavities/10 plants ranged from 0.0 in com borer 
plots to 4.0 in the untreated plots. It is highly unlikely 
that the significant differences between the treatment means 
were due to the effect of insecticide applications. 
Extended leaf heights 
The mean extended leaf height was not significant and 
ranged from 40.7 to 42.6 inches (Tables 56 and 58): as 
expected the date effect was highly significant and reflects 
the normal seasonal growth of the com plants. 
Table 55. Analysis of variance (for data recorded in Table 56) 
of com borer cavities. Double cross corn hybrid. 
Ankenyr Iowa, 1968 
Source D.F. Mean Square F-ratio^  
Replicates 1 0.90 2.250 ns 
Treatments 4 4.50 11=250* 
Error 4 0.4.0 
n^s = nonsignificant; * significant at the 5 percent 
level of probability. 
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Table 56. Mean number of com borer cavities. Double cross 
com hybrid. Ankeny, Iowa, 1968 
Treatments Mean number/10 plants 
Untreated 4.0 
Leafhopper^  o
 
o
 
Aphid^  1.0 
Com borer^  1.5 
Rootworm beetle^  H
 
O
 
T^reated with Sevin to regulate leafhopper populations. 
T^reated with Meta Systox to regulate aphid populations. 
T^reated with Bacillus thuringiensis to regulate com 
borer populations. 
T^reated with Sevin to regulate rootworm beetle popula­
tions. Applications were made late in the season; leafhopper 
populations should not be effected. 
Table 57. Analysis of variance (for data recorded in Table 58) 
of extended leaf heights. Double cross corn hybrid. 
AnkenyIowa. 1968 
Source D.F. Mean Square F-ratio^  
Replicates 1 31.54 2.630 ns 
Treatments 4 11.59 0.967 ns 
Error A 4 11.99 
Dates 10 4562.67 1891.498** 
Treatment X date 40 4.48 1.858* 
Error B 50 2.41 
ns = nonsignificant; * significant at the 5 percent 
level of probability; ** significant at the 1 percent level of 
probability. 
Table 58. Effect of leafhoppers, aphids, corn borers, and rootworm beetles on the 
extended leaf height of a double cross corn hybrid. Ankeny, Iowa, 1968 
Date 
June 
July 
Mean 
Treatments (mean extended leaf height (inches)/I0 plants) 
Untreated Leafhopper' Aphid" Corn 
borer 
Rootworm 
beetled 
Mean 
31 11.5 13.2 11.3 13.0 11.1 12.0 
5 17.0 17., 0 17.4 18.6 17.6 17.5 
10 24.2 23.. 3 22.0 23.9 23.2 23.3 
13 27.3 25 ,.5 24.8 25.8 26.1 25.9 
17 34.6 30,. 3 31.4 32.1 33.7 32.4 
20 40.2 39,6 41.1 41.4 39.2 40.3 
24 51.6 53.1 52.1 50.6 48.1 51.1 
27 5(5.2 53. 4 54.0 56.4 52.4 54.5 
1 62.1 63.7 65.4 62.3 61.1 62.9 
3 6i>.7 64.2 69.3 65.7 62.1 65.4 
8 7IÎ.0 7ïi.9 77.8 73.3 73.6 75.7 
42.6 41.7 42.4 42.1 40.7 
Treated with Sevin to regulate leafhopper populations. 
T^reated with Meta Systox to regulate aphid populations. 
^^ Treated with Bacillus thuringiensis to regulate corn borer populations. 
T^reated with Sevin to regulate rootworm beetle populations. Applications 
were made late in the season; leafhopper populations should not be effected. 
126 
\ 
Yields 
The analysis of variance for the yields is presented in 
Table 59 cind the data are presented in Table 60. There were 
no significant differences between any of the treatments. 
Yields ranged from 72.8 (untreated plots) to 83.2 (com borer 
plots) bushels/acre. 
Table 59. Analysis of variance (for data recorded in Table 60) 
of yield. Double cross corn hybrid. Ankeny, Iowa, 
1968 
Source D.F. Mean Square F-ratio^  
iveplicates 3 304.65 8^ 25** 
Treatments 4 94.18 2.55 ns 
Error 12 36.92 
n^s = nonsignificant; ** significant at the 1 percent 
level of probability. 
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Table 60. Yield in a double cross corn hybrid under insect 
infestations. Ankeny, Iowa, 1968 
Treatments 
I II III IV Mean 
Bushels/acre 
Untreated 74.2 93.8 72.0 51.0 72.8 
Leafhoppers^  87.4 87.0 63.6 73.8 78.0 
Aphids^  89.8 94.4 72.1 73.5 82.5 
European com borer^  85.5 90.2 76.8 62.8 78.8 
Rootworm beetles^  83.0 83.0 82.4 84.4 83.2 
Treated with Sevin to regulate leafhopper populations. 
T^reated with Meta Systox to regulate aphid populations. 
T^reated with Bacillus thuringiensis to regulate com 
borer populations. 
T^reated with Sevin to regulate rootworm beetle popula­
tions. Applications were made late in the season; leafhopper 
populations should not be effected. 
Rainfall, 1969 
Daily rainfall accumulations for June, July, and August 
are presented in Table 61. Measureable rainfall occurred 
during almost one-half of the days in each month. Wet field 
conditions influenced the insect population counts. All plots 
were weedy throughout the growing season and it was extremely 
difficult to obtain leafhopper counts. Observations indicated 
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Table 61. Average daily rainfall accumulations. Ankeny, Iowa, 
1969^  
Date Month 
June July August 
1 0.10 
2  0 .02  
3 
4 T 1.00 
5 T T 
6 T 
7 0.20 0.18 T 
8 0.03 
9 0.68 0.60 
10 
11 0.30 
12 1.62 
13 0.28 0.92 
14 0.08 
15 
16 0.05 
17 0.93 
18 0.08 
19 2.03 
2 0  0 . 0 8  
21 0.14 
22 0.30 
23 0.20 0.51 
24 
25 
2 6  0 . 2 2  
27 0.78 0.82 
28 
29 0.59 
30 0.19 
31 
R^ecorded at the United States Department of Agriculture, 
European Com Borer Laboratory Weather Station. 
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that under rainy conditions most of the leafhoppers were 
hidden under com leaves or in weedy areas surrounding com 
plants. 
Although the fields were extremely wet on many days, 
attempts were made to apply insecticides as they were needed. 
The effectiveness of insecticides was probably reduced in 
many cases. In general it was extremely difficult, or impos­
sible, to regulate the insect populations. 
Double Cross Corn Hybrid, 1969 
Leafhoppers 
The mean numbers of leafhoppers/10 plants in the untreated 
plots and plots treated for leafhoppers are presented in Figure 
17. The first leafhoppers were found on June 5 in the treated 
plots, whereas in the untreated plots the first leafhoppers 
were found on June 13. Populations peaked in the untreated 
plots on July 14 and negligible leafhoppers were present on 
August 22. Due to the extremely low numbers of leafhoppers 
at this time, no further samples were taken. 
Insecticides were applied to the treated plots on June 19, 
July 1, July S, July 11, July 22, and August 1= The first 
application was unnecessary since on June 24 the populations 
in the untreated plots were also below the threshold level of 
one leafhopper/plant. There were no leafhoppers in either the 
untreated or treated plots on June 27. Rainfall occurred 
Figure 17. Mean numbers of leafhoppers/10 plants in un­
treated plots and in plots treated for leaf-
hoppers/sample date. Ankeny, Iowa, 1969 
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during most of the day,and population counts were taken 
between rain periods. It is highly likely that leafhoppers 
were present in the plots but were well hidden in the grassy 
and protected areas. Leafhopper population counts on July 1 
showed the need for an insecticide application. Although the 
insecticides were applied, the population was still above the 
threshold level on the next sample date. An additional 
insecticide application was made at this time but 1.0 inch of 
rain immediately after the treatment probably removed most of 
the insecticide residue. An additional insecticide application 
was made on July 8, but 0.68 inch of rainfall occurred the 
next day. Thus, this insecticide application was probably in­
effective in reducing the leafhopper populations. By July 11 
the population was equal to that in the untreated plots. At 
this time an additional insecticide application was made and 
the leafhopper populations were reduced below the one leaf-
hopper/plant threshold. By July 18 the leafhopper populations 
in the treated plots were again equal to those in the untreated 
plots. Insecticide applications were delayed by weather 
conditions until July 22. Leafhopper numbers were then below 
the threshold level until August 1. The last insecticide 
application was made at this time. 
Since the data presented in 1967 and 1968 (Leafhopper 
section) showed that leafhopper populations could be regulated 
with Se vin, it is suspected that the lack of control and the 
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fluctuations within the populations in 1969 were caused by 
leafhoppers migrating among the plots in this test. 
The analysis of variance of leafhoppers is presented in 
Table 62. A high degree of variation occurred between repli­
cates. The treatment effect was highly significant. The 
overall treatment means show that fewer numbers of leafhoppers 
were present in the leafhopper plots than in any of the other 
plots (Table 63). The untreated plots contained 11.2 leaf-
hoppers/10 plants, the aphid and rootworm beetle plots con­
tained 10.0 leafhoppers/10 plants, and the corn borer plots 
contained 11.5 leafhoppers/10 plants. 
Table 62. Analysis of variance (for data recorded in Table 63) 
of leafhopper populations. Double cross hybrid. 
Ankeny, Iowa, 1969 
Source D.F. Mean Square F-ratio^  
Replicates 1 , 26 25. 205** 
Treatments 4 94. ,06 19. 551** 
Error A 4 4. ,81 
Dates 23 724. ,67 46. 051** 
Treatment X date 92 35, .23 2. 239** 
Error B 115 15. 74 
significant at the 1 percent level of probability. 
Table 
Date 
June 
1 
5 
10 
13 
17 
19 
24 
27 
July 
1 
4 
8 
11 
14 
18 
22 
24 
29 
Mean number of leafhoppers/sample date on a double cross corn hybrid. 
Ankeny, Iowa, 1969 
Untreated 
Treatments (mean number/10 plants) 
Leafhopper' Aphid Corn 
borer 
Rootworm 
beetle^  
Mean 
0 . 0  
0 . 0  
0 . 0  
3.5 
8. 5 
18.5 
5.5 
0 . 0  
0 . 0  
0.5 
:>.o 
4.5 
5.0 
15.5 
3.0 
0 . 0  
0 . 0  
0 . 0  
1.0 
7.5 
10.0 
15.0 
7.0 
0 . 0  
0 . 0  
0 . 0  
4.0 
3.0 
4.5 
16.0 
5.0 
0 . 0  
0 . 0  
1.5 
0 . 0  
6 . 0  
8 . 0  
14.5 
8.5 
0 . 0  
0 . 0  
0.4 
1.4 
4.9 
7.2 
15.9 
5.8 
0 . 0  
18.5 
17.0 
22.5 
29.0 
32.5 
26.5 
19.5 
13.0 
8.5 
i :>.o 
10.5 
17.5 
3 2 . 5  
2 . 0  
31.0 
2 2 . 0  
0 . 0  
4.5 
10.0 
13.0 
19.0 
31.0 
20.5 
14.5 
17.0 
14.5 
12.0 
11.5 
18.0 
21.5 
42.5 
30.0 
28.0 
27.0 
24.5 
12.0 
12.5 
11.0 
11.0 
28.5 
18.5 
14.5 
24.0 
18.5 
11.0 
12.9 
13.9 
18.3 
32.7 
20.7 
22.9 
21.9 
14.1 
9.6 
Augus t 
1 10.0 11.5 13.5 6.5 9.0 10.1 
6 IÎ.0 4.. 5 9.0 7.0 7.0 7.1 
9 9.0 4.0 5.0 6.0 5.0 5.8 
12 3.5 1.0 1.0 2.0 4.5 2.4 
15 (5.5 7.0 3.5 3.0 8.0 5.6 
19 7.0 2.5 2.5 3.0 5.5 4.1 
22 2.0 2 . 0  3.0 0.5 3.5 2.2 
Mean 11.2 H.l 10.0 11.5 10.0 
LSD .05 Between treatment means over all dates = 1,24 
T^reated with Sevin to regulate leafhopper populations. 
T^reated with Meta Systox to regulate aphid populations. 
'^ Treated with Bacillus thuringiensis to regulate corn borer populations. 
*^ Treated with Sevin to regulate rootworm beetle populations. Applications 
were made late in the season; leafhopper populations should not be effected. 
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The highly significant treatment X date interaction shows 
that all treatments did not respond the same on each sample 
date. This is best illustrated by the number of leafhoppers 
found in the plots on July 11 and 14. Insecticides were 
applied to the leafhopper plots on July 11; leafhoppers in 
this plot decreased, whereas those in the untreated plots were 
increasing. 
Corn leaf aphids 
The first aphids were observed in the untreated plots on 
June 5 (Figure 18). A high of 3.0 aphids/10 plants were 
observed in the untreated plots and 16.5 aphids/10 plants in 
the aphid plots. 
The analysis of variance for aphids is presented in Table 
64 and the mean number of aphids/sample date are presented in 
Table 65. The treatment, date, and treatment X date inter­
action were significant at the one percent level of probability. 
The overall means in Table 65 show that there were no 
differences between the untreated, aphid, com borer, or root-
worm beetle plots. The number of aphids in the plots treated 
for leafhoppers was significantly higher than the other plots. 
This difference is unexplainable; however, it is suspected 
that this is due to the random chance of finding a few plants 
with advcinced aphid reproduction in the leafhopper plots. 
The mean numbers of light aphid colonies/lO plants in the 
untreated and aphid plots are presented in Figure 19. Light 
Figure 18. Mean numbers of light corn leaf aphids in un­
treated plots and in plots treated for corn leaf 
aphids/sample date. Ankeny, Iowa, 1969 
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Table 64. Analysis of variance (for data recorded in Table 65) 
of individual aphid counts. Double cross com 
hybrid. Ankeny, Iowa, 1969 
Source D.F. Mean Square F-ratio^  
Replicates 1 38.54 2.811 ns 
Treatments 4 566.36 41.307** 
Error A 4 13.71 
Dates 11 669.94 22.548** 
Treatment X date 44 393.42 13.241** 
Error B 45 29.71 
n^s = nonsignificant; ** significant at the 1 percent 
level of probability. 
aphid colonies were first observed in the untreated and treated 
plots on July 14. The maximum number of aphid colonies in the 
untreated plots was observed on July 14. After this date the 
number of aphid colonies declined until August 1 and increased 
again until August 9. After August 9 the entire population 
declined. 
Meta Systox was applied on July 22 and July 29. The 
insecticide application was not effective on July 22; the 
aphid populations were slightly reduced but an additional 
insecticide application was required 7 days later. 
The treatment; date, and treatment X date interaction 
were significant (Table 65). The aphid plots had significantly 
Table 65. Mean number of aphids/sample date on a double cross corn hybrid. Ankeny, 
Iowa, 1969 
Treatments (mean number/10 plants) 
ucx ue 
Untreated Leafhopper^  Aphid^  Corn 
borer 
Rootworm 
beetled 
Mean 
June 1 0.0 0.0 0.0 0.5 0.0 0.1 
5 1.0 0.5 0.0 0.0 0.5 0.4 
10 3.0 0.0 0.5 1.0 0.0 0.9 
13 1.0 0.5 0.5 1.5 0.5 0.8 
17 0.0 0.0 0.5 0.0 0.0 0.1 
19 0.5 1.0 0.5 0.0 0.0 0.4 
24 1.5 ;>.5 0.0 1.0 1.0 1.2 
27 0.0 0.0 0.0 0.0 0.0 0.0 
July 1 0.5 1.5 0.5 0.0 0.0 0.5 
4 0.0 %.o 0.0 0.0 0.0 0.4 
8 1.5 17.0 0.5 0.5 0.0 3.9 
11 1.5 11%.0 17.5 2.5 12.0 29,1 
Mean 0.9 11.4 1.8 0.6 1.2 
H 
o 
LSD .05 Between treatment means over all dates = 2.96 
Treated with Sevin to regulate leafhopper populations. 
T^reated with Meta Systox to regulate aphid populations. 
T^reated with Bacillus thuringiensis to regulate corn borer populations. 
T^reated with Sevin to regulate rootworm beetle populations. Applications 
were made late in the season; leafhopper populations should not be effected. 
Figure 19. Mean numbers of light corn leaf aphid colonies/ 
10 plants in untreated plots and in plots 
treated for com leaf aphids/sample date. 
Colony rating (aphids/plant) light 0-100. 
Ankeny, Iowa, 1969 
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Table 66. Analysis of variance (for data recorded in Table 67) 
of light aphid colonies. Double cross corn h^ rid. 
Ankeny, Iowa, 1969^  
Source D.F. Mean Square F-ratio^  
Replicates 1 
f—1 o
 
00 
2.412 ns 
Treatments 4 25.95 7.813* 
Error A 4 3.32 
Dates 12 46.97 8.196** 
Treatment X date 48 8.20 1.432* 
Error B 60 5.73 
C^olony rating (aphids/plant) light 0-100» 
ns = nonsignificant; * significant at the 5 percent level 
of probability; ** significant at the 1 percent level of 
probability. 
fewer light aphid colonies than did the uncreated plots (Table 
67) . 
Medium rated aphid colonies were not observed in the 
plots; apparently the environmental conditions were not con­
ducive for buildup of aphid populations. 
Rootworm beetles 
Rootworm beetle populations were extremely low in 1969 
and difference in treatment means were not significant (Tables 
68 and 69). 
Table 67. Mean number of light ciphid colonies/sample date on a double cross corn 
hybrid., Ankeny , Iowa, 1969^  
Treatments (mean number/10 plants) 
Untreated Leafhopper^  Aphid° Corn Rootworm Mean 
borer" beetle® 
July 11 0.0 0.0 0.0 0.0 0.0 0.0 
14 13.0 10.0 7.5 8.5 8.5 9.5 
18 11.0 <>.5 10.0 7.0 8.0 9.1 
22 13.0 10.0 10.0 7.0 8.5 8.7 
24 7.5 W.O 9.0 7.5 8.0 8.0 
29 <5.0 4.5 9.0 9.0 7.5 7.2 
August 1 3. 5 (5.5 0.0 8.0 3.0 4.2 
6 5.5 !;.o 1.0 4.5 7.0 4.6 
9 8.0 !).5 1.5 5.0 5.0 5.0 
12 7.5 3.5 4.0 3.0 5.0 4.6 
15 '5.0 4.5 2.0 6.0 7.0 5.1 
19 7.0 %.5 1.0 3.5 5.5 3.9 
22 4.5 3.5 0.0 2.5 9.5 4.0 
Mean 6.7 !5.6 4.2 5.5 6.3 
LSD .05 Between treatment means over all dates = 1.40 
C^olony rating (aphids/plant) - light 0-100, medium 101-200, heavy 201 + 
(medium and heavy colonies were not observed). 
T^reated with Sevin to regulate leafhopper populations. 
T^reated with Meta Systox to regulate aphid populations. 
T^reated with Bacillus thuringiensis to regulate corn borer populations. 
T^reated with Sevin to regulate rootworm beetle populations. Applications 
were made late in the season; leafhopper populations should not be effected. 
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Table 68. Analysis of variance (for data recorded in Table 69) 
of rootworm beetle populations. Double cross com 
hybrid. Ankeny, Iowa, 1969 
Source D.F. Mean Square F-ratio^  
Replicates 1 0.15 0.396 ns 
Treatments 4 0.70 1.857 ns 
Error A 4 0.38 
Dates 23 1.78 2.020* 
Treatment X date 92 0.57 0.640 ns 
Error B 115 0.88 
n^s = nonsignificant; * significant at the 1 percent level 
of probability. 
European com borers 
Two applications of B. thuringiensis were applied to the 
corn borer plots on June 21 and June 25. Com plants vrers 
split in the Fall to compare the numbers of corn borer 
cavities in the treatments. Populations were extremely low 
and difference in treatment means were not significant (Tables 
70 and 71). 
Extended leaf heights 
Extended leaf heights were used to determine the effects 
on corn plants of early infestations of insects. Differences 
between treatment means were not significant (Tables 72 and 
73) . 
Table 69. Mean number of rootwoorm beetles/sample date on a double cross corn hybrid. 
Ankeny, Iowa, 1969 
Date 
Untreated 
Treatments (mean number/10 plants) 
Leafliopper' Aphid' Corn 
borer 
Rootworm 
beetle^  
Mean 
June 
1 
5 
10 
13 
17 
19 
24 
27 
0 . 0  
0 . 0  
1.0 
0 . 0  
0 . 0  
0 . 0  
0.5 
0 . 0  
0 . 0  
0.5 
0.5 
0 . 0  
0 . 0  
0.5 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0.5 
0.5 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0.5 
0.5 
0 . 0  
0 . 0  
0.5 
0 . 0  
0 . 0  
0.5 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0.2 
0.4 
0.1 
0.1 
0 . 2  
0.2 
0 . 0  
July 
1 
4 
8 
11 
14 
10 
22 
24 
29 
0.5 
0 . 0  
0 . 0  
1.0 
0 . 0  
0.5 
0 . 0  
1.0 
1.0 
0 . 0  
0 . 0  
0 . 0  
0.5 
0 . 0  
0 . 0  
1 . 0  
0 . 0  
0.5 
0 . 0  
0 . 0  
1.0 
0 . 0  
0 . 0  
0 . 0  
0.5 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0.5 
0 . 0  
0 . 0  
2.0 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0.5 
0.5 
0 . 0  
1.0 
1.0 
0.5 
0.1 
0 . 0  
0 . 2  
0.5 
0.1 
0.1 
0.9 
0.4 
0.4 
Augus t 
1 0.0 0.5 0.0 0.5 0.0 0.2 
6 0.0 0.0 0.5 1.0 0.0 0.3 
9 0.5 2 . 0  0.5 1.0 0.0 0.8 
12 3. 0 0.0 0.5 0.0 0.0 0.7 
15 0.5 1.0 0.0 0.0 2.5 0.8 
19 3.0 1.5 1.0 3.0 1.0 1.9 
22 1.0 0.0 0.5 0.5 1.0 0.6 
Mean 0.6 0.4 0.2 0.4 0.4 
T^reated with Sevin to regulate leafhopper populations. 
T^reated with Meta Systox to regulate aphid populations. 
T^reated with Bacillus thuringiensis to regulate corn borer populations. 
T^reated with Sevin to regulate rootworm beetle populations. Applications 
were made late in the season; leafhopper populations should not be effected. 
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Table 70. Analysis of variance (for data recorded in Table 71) 
of com borer cavities. Double cross com hybrid. 
Ankeny, Iowa, 1969 
Source D.F. Mean Square F-ratio^  
Replicates 1 6.40 2.977 ns 
Treatments 4 8.15 3.791 ns 
Error 4 2.15 
n^s = nonsignificant. 
Table 71. Mean number of corn borer cavities in a double 
cross corn hybrid. Ankeny, Iowa, 1969 
Treatment Mean number/10 plants 
Untreated 7.0 
Leafhopper^  4.0 
Aphid^  3.5 
Corn borer^  1.5 
d Rootworm beetle 3.0 
T^reated with Sevin to regulate leafhopper populations. 
T^reated with Meta Systox to regulate aphid populations. 
T^reated with Bacillus thuringiensis to regulate com 
borer populations. 
T^reated with Sevin to regulate rootworm beetle popula­
tions. Applications were made late in the season; leafhopper 
populations should not be effected. 
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Table 72. Analysis of variance (for data recorded in Table 73) 
of extended leaf heights. Double cross com hybrid. 
Ankeny, Iowa, 1969 
Source D.F. Mean Square F-ratio* 
Replicates 1 103.69 5.039 ns 
Tre atments 4 4.58 0.223 ns 
Error A 4 20.58 
Dates 11 3793.14 1317.060** 
Treatment X date 44 2.39 0.830 ns 
Error B 45 2.88 
n^s = nonsignificant; ** significant at the 1 percent 
level of probability. 
Yields 
Differences in treatment means were not significant 
(Tables 74 and 75). The overall mean bushels/acre in the un­
treated plots were lower than all other plots (Table 75), but 
since there were insignificant populations of corn borers and 
rootworm beetles it is doubtful that these numerical trends 
were caused by insect damage. 
Table 73. Effect of leafhoppers, aphids, corn borers, and rootwoj.m beetles on the 
extended leaf height of a double cross corn hybrid, Ankeny, Iowa, 1969 
Date 
June 
July 
Mean 
Treatments (mean extended leaf height (inches)/10 plants) 
Untreated Leafhopper' Aphid Corn 
borer 
Rootworm 
beetle^  
d 
Mean 
1 5.1 5.1 3.9 4.4 5.9 4.9 
5 9.7 10.3 6.7 10.0 9.6 9.3 
10 13.5 12.8 11.1 14.6 11.8 12.7 
13 18.6 18.9 16.4 20.2 17.0 18.2 
17 21.8 22.8 20.8 22.7 19.5 21.5 
19 24.3 25.2 25.4 25.1 25.8 25.2 
24 31.7 31.1 32.3 30.9 32.1 31.6 
27 37.1 36.0 38.0 35.1 34.9 36.2 
1 44. 3 42.3 44.1 42.7 42.2 43.1 
4 49.6 48.3 48.5 48.8 48.0 48.6 
8 55.5 54.0 55.3 54.5 56.8 55.2 
11 62. 8 60.6 61.0 64.2 63.0 62.3 
31.2 30.6 30.3 31.1 30.5 
Treated with Sevin to regulate leafhopper populations. 
T^reated with Meta Systox to regulate aphid populations. 
'Treated with Bacillus thurin.giensis to regulate corn borer populations. 
Treated with Sevin to regulate rootworm beetle populations. Applications 
were made late in the season; leafhopper populations should not be effected. 
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Table 74. Analysis of variance (for data recorded in Table 75) 
of yield. Double cross hybrid. Ankeny, Iowa, 
1969 
Source D.F» Mean Square F-ratio^  
Replicates 3 115.47 2.43 ns 
Treatments 4 81.67 1.72 ns 
Error 12 47.48 
n^s = nonsignificant. 
Table 75. Yield in a double cross com hybrid under insect 
infestations. Ankeny, Iowa, 1969 
Treatment Replicates 
II III IV Mean 
Bushels/acre 
Untreated 95. 4 
in 00 
2 102.9 95. 0 94. 6 
Leafhoppers* 106. 2 105. 6 104.0 110. 5 106. 6 
Aphids^  90. 4 92. 3 98.8 105. 3 96. 7 
, c European corn oorer 89. 3 104. 5 92. 8 108. 9 98. 9 
Rootworm beetles^  95. 0 103. 7 86.6 111. 0 99. 1 
Treated with Sevin to regulate leafhopper populations. 
T^reated with Meta Systox to regulate aphid populations. 
Treated with Bacillus thuringiensis to regulate corn 
borer populations. 
T^reated with Sevin to regulate rootworm beetle popula­
tions. Applications were made late in the season; leafhopper 
populations should not be effected. 
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SUMMARY AND CONCLUSIONS 
The present study was initiated to establish a sound 
basis for further research on yield losses caused by the inter­
action of insect populations. 
The objectives of this study were to determine if low 
populations of European com borers, corn leaf aphids, root-
worm beetles, and leafhoppers effect corn yields, to determine 
the seasonal distribution of these insects, and to determine 
if there would be any advantage in applying a broad spectrum 
insecticide for control of more than one species of insects. 
Selective insecticides, rates of application, and time of 
insecticide application were used in an attempt to regulate 
and obtain differential control of these insects. 
The analyses of variance for yield differences among the 
treatments showed there were no significant differences among 
any of the treatments for either of the hybrids during 1967, 
1968, or 1969. Numerical yield differences occurred only on 
one occassion. In 1957 in the double cross corn hybrid, all 
treated plots tended to have higher yields than did the un­
treated plots. Data from the study imply there is no justifi­
cation for making insecticide treatments for any of these 
insects at the populations that were observed during this 3 
year period. 
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Young com plants were not effected by early infestations 
of these insects. 
European corn borer populations, as measured by cavity 
counts, were extremely low for the 3-year period. In the 
single cross com hybrid, cavity counts in the untreated plots 
were 2.5 and 2.0 cavities/10 plants for 1967 and 1968, respec­
tively. In the double cross corn hybrid, cavity counts in 
the untreated plots were 10.5, 4.0, and 7.0 for 1967, 1968, 
and 1969, respectively. Although the analysis of variance for 
corn borer cavities showed a significant difference among the 
treatments in the double cross corn hybrid in 1968, it is 
doubtful that this indicates a true treatment difference, but 
was due merely to the chance of finding higher numbers of 
cavities in the treated plots (0.0 to 1.5 cavities/10 plants) 
as compared to the untreated plots (4.0 cavities/10 plants). 
Aphid populations were determined by using two techniques. 
Early in the season, counts were made of individual aphids. 
Not only was this technique difficult and time consuming, but 
it may not have reflected a true estimate for the numbers of 
aphids found in the field. For example, if only one corn 
plant in the field were heavily infested with aphids and by 
chance this plant were selected for sampling, a high aphid 
population would be indicated. The data, therefore, should 
have been recorded on a per plant basis instead of on a per 
plot basis. 
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Later in the season, aphid colonies were rated as either 
light (0-100 aphids/plantf medium (101-200 aphids/plant), or 
heavy (201 + aphids/plant). The rating system proved to be 
fast and easy to use. 
The first corn leaf aphids were found June 1 in 1967. In 
the single cross corn hybrid, the maximum numbers of light 
aphid colonies in the untreated plots were found August 1 and 
August 15 (20 light aphid colonies/10 plants). In 1968 the 
first aphids were found May 31 and June 5 in the single and 
double cross corn hybrids, respectively. The maximum numbers 
of light aphid colonies (20 light aphid colonies/10 plants) 
were found in the untreated plots July 22 and July 11 in the 
single and double cross com hybrids, respectively. In 1969 
the first aphids were found June 1. The maximum numbers of 
light aphid colonies were found in the untreated plots July 14 
(13 light aphid colonies/10 plants). 
Rootworm beetles ranged from 65.0 to 3.0 rootworm beetles/ 
10 plants in 1967 and 1969, respectively. In 1967 the first 
beetles were found July 18. The maximum numbers of rootworm 
beetles in the untreated plots were found August 25 (52.0 
rootworm beetles/10 plants) in the single cross corn hybrid 
and August 25 (65.0 rootworm beetles/10 plants) in the double 
cross corn hybrid. In 1968 the first beetles were found July 
15. The maximum numbers of rootworm beetles in the untreated 
plots were found August 16 (25.5 rootworm beetles/10 plants) 
and July 15 (25.5 rootworm beetles/10 plants) in the single 
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and double cross corn hybrids, respectively. In 1969 the 
rootworm beetle population was extremely low (3.0 rootworm 
beetles/10 plants). The first beetles were found July 18. 
The maximum numbers of rootworm beetles were found August 12. 
Leafhopper populations ranged from 107.5 to 41.0 leaf-
hoppers/10 plants in 1967 and 1968, respectively. In 1967 the 
first leafhoppers were found June 1. In the single cross corn 
hybrid the leafhopper population had peaked (107.5 leafhoppers/ 
10 plants) in the untreated plots by July 18 and by the last 
of August only low numbers of leafhoppers were present. In 
the double cross com hybrid, the population had peaked in the 
untreated plots by July 14 (86.5 leafhoppers/10 plants) and by 
the end of August the population was extremely low. In 1968 
the first leafhoppers were found June 5. The maximum numbers 
of leafhoppers in the untreated plots were found July 8 (41.0 
leafhoppers/10 plants) and July 1 (42.5 leafhoppers/10 plants) 
in the single and double cross corn hybrids, respectively. In 
1969 the first leafhoppers were found June 5 and the maximum 
numbers of leafhoppers in the untreated plots were found July 
14 (32.5 leafhoppers/10 plants). 
Bacillus thuringi en s i s was used for regulating European 
com borer populations. This microbial insecticide did not 
affect aphids, rootworm beetles, or leafhoppers. Meta Systox 
was used for regulating aphid populations; European com borers 
and leafhoppers were not affected; however, rootworm beetle 
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populations may have been reduced. Low rates of Sevin were 
applied early in the season for regulating leafhopper popula­
tions. Populations of European corn borers and aphids were 
not affected by low rates of Sevin; however, rootworm beetle 
populations may have been affected. High rates of Sevin 
applied late in the season were used for regulating rootworm 
beetle populations; European corn borers, aphids, and leaf-
hoppers were not affected. 
The data showed that in most cases there was a significant 
treatment X date interaction; however, differential control of 
the insect populations over the growing season was obtained by 
using either selective insecticides, different rates of an 
insecticide, or different times of insecticide applications. 
Because of the low levels of insect infestations, caution 
should be exercised in interpreting the data; these data 
should be supplemented with additional data from areas in which 
higher insect populations are available. 
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Table 76. Species of leafhoppers collected on whorl stage 
com. Ankeny, Iowa, 1967 
Balcllutha neglecta 
Draeculacephala mollipes 
Empoasca fabae 
Endria inimica 
Exitianus exitiosns 
Graniinella nigrifrons 
Latalus sayi 
Macrosteles fascifrons 
Norvellina siminuda 
Paraphlepsins irroratns 
